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ABSTRACT
An O sprey  p o p u l a t i o n  s u rv e y  i n  t h e  T id e w a te r  a r e a  o f  V i r g i n i a  was 
c o n d u c te d  t o  d e te r m in e  t h e  O s p r e y ’ s b r e e d i n g  s t a t u s .  The s tu d y  a r e a ,  
c o n s i s t i n g  o f  a p p r o x i m a t e ly  1 ,0 8 7  s q u a r e  n a u t i c a l  m i l e s ,  was s u b d iv i d e d  
i n t o  n i n e  g e o g r a p h i c a l  r e g i o n s ,  and  i n c l u d e d  p a r t s  o f  t h e  James R i v e r ,  
t h e  t i d a l  a r e a  e x t e n d i n g  from  Goodwin I s l a n d ,  a t  t h e  m outh o f  t h e  York 
R i v e r ,  t o  Darneron M arsh , j u s t  s o u th  o f  t h e  G re a t  Wicomico R i v e r ,  and  
t h e  e n t i r e  E a s t e r n  Shore  o f  V i r g i n i a .  I n  1 9 7 0 ,  19^ a c t i v e  n e s t s  were 
l o c a t e d  and 0 .9 6  young p e r  n e s t  f l e d g e d ,  w h i l e . i n  1 971 , 309 a c t i v e  n e s t s  
w ere  l o c a t e d  and  0 . 6 9  young p e r  n e ^ t  f l e d g e d ;  t h e r e f o r e ,  f l e d g i n g  r a t e  
d e c r e a s e d  28 p e r  c e n t  from  1970 . S t a b l e  p o p u l a t i o n s  a r e  t h o u g h t  t o  
f l e d g e  1 .2 2  t o  1 .3 0  young p e r  a c t i v e  n e s t .  The s h a r p  d e c re s .se  i n  f l e d g ­
in g  s u c c e s s  i s  a t t r i b u t e d  t o  an i n c r e a s e  i n  em bryonic  m o r t a l i t y ,  and  n o t  
t o  n e s t l i n g  m o r t a l i t y  w h ich  d e c r e a s e d  from  l 6 . 1  p e r  c e n t  i n  1970  t o  1 0 . 8  
p e r  c e n t  i n  1971 . M in im al a n n u a l  r a t e  o f  d e c l i n e  f o r  t h e  p o p u l a t i o n  i s  
6 . 1  p e r  c e n t .
Seven ( t h r e e  c o n t r o l ,  f o u r  e x p e r i m e n t a l )  c l u t c h e s  o f  eggs  were 
c o l l e c t e d  and  i n c u b a t e d  t o  d e te r m in e  t h e  r o l e  o f  egg b r e a k a g e  on embry­
o n ic  m o r t a l i t y .  The r e s u l t s  i n d i c a t e d  t h a t  egg b re a k a g e  was n o t  t h e  
p r im a r y  c a u s e  o f  em b iy o n ic  m o r t a l i t y .  Of t h e  se v e n  p a i r  o f  O spreys  from  
w h ich  c l u t c h e s  w ere  c o l l e c t e d ,  f i v e  r e l a y e d  and  f o u r  o f  t h e s e  p ro d u ce d  
s e v e n  young . H a tc h in g  r a t e  i n c r e a s e d  from  t h e  f i r s t  n e s t i n g  (.23.8 p e r  
c e n t )  t o  t h e  s e c o n d  n e s t i n g  ( 5 3 . 8  p e r  c e n t ) ,  th o u g h  c l u t c h  s i s e  was 
s m a l l e r  ( 2 .6 0  v s .  3 .0 0 )  f o r  t h e  s e c o n d  c l u t c h .  B ecause  o f  t h e  a p p a r e n t  
h i g h e r  h a t c h i n g  r a t e  o f  se c o n d  c l u t c h e s ,  r e n e s t i n g  e x p e r im e n t s  may p ro v e  
t o  b e  u s e f u l  i n  f u t u r e  O sprey  management p ro g ra m s .
F ig u re  1 A d u l t  f e m a le  O sprey  (P a n d ion h a l i a e t u s  
c a r o l i n e n s i s )  ( G m e lin ) .
POPULATION DYNAMICS OF OSPREYS IN TIDEWATER VIRGINIA
1970 -  1971
INTRODUCTION
The O sp rey  (P a n d io n  h a l i a e t u s  e a r o l i n e n s i s ) i s  a u n iq u e  s p e c i e s .
Not o n ly  i s  i t  a  m o n o ty p ic  s p e c i e s ,  c o m p r ise d  o f  f i v e  s u b - s p e c i e s ,  b u t  
i t  i s  t h e  o n ly  s p e c i e s  o f  nits f a m i l y , P a n d io n id a e  (AOU C h e c k l i s t  195?)  • 
C o s m o p o l i ta n  i n  d i s t r i b u t i o n ,  i t  i s  s e c o n d  o n ly  t o  t h e  P e r e g r i n e  F a lc o n  
(F a l c o  p e r e g r i n u s ) (Cade e t  a l .  1968) i n  t h e  e x t e n t  o f  i t s  r a n g e .  F o r ­
m e r l y ,  t h e  O sp rey  n e s t e d  i n  huge c o l o n i e s  (B e n t  1 9 3 7 ) ,  and  t h e  b u lk y  
n e s t s ,  l o c a t e d  on a  v a r i e t y  o f  n a t u r a l  and  man-made s t r u c t u r e s  i n  e x p o sed  
t i d a l ,  r i v e r  and  l a k e  a r e a s ,  a r e  a lm o s t  a lw ays  v i s i b l e  f o r  s e v e r a l  hun­
d r e d  y a r d s .  Such e x p o s u r e ,  c o u p le d  w i t h  t h e  a n n u a l  u t i l i z a t i o n  o f  t h e  
same n e s t  s i t e s ,  a l l o w s  r a p i d  r e c o g n i t i o n  o f  b r e e d i n g  a c t i v i t y ,  -and t h u s ,  
p o p u la t J .c n  s u r v e y s  can  b e  q u i c k l y  and e f f e c t i v e l y  p e r f o r m e d .
One o f  t h e  m ost  u n u s u a l  a s p e c t s  o f  t h e  b r e e d i n g  b i o l o g y  o f . t h e  
O sp rey  i s  i t s  t o l e r a n c e  o f  man (Ames and  M e rs e re a u  1967 . S p i t z e r  1 9 7 0 a ) ,  
o f t e n  l i v i n g  i n  c l o s e  p r o x im i t y  t o  human h a b i t a t i o n s  and n e s t i n g  on 
a c t i v e  p i e r s  and d o c k s .  The n e s t s ,  young and  eggs  o f  t h e  O sp rey  can  be  
t r a n s f e r r e d ,  r e p l a c e d ,  o r  m a n i p u la t e d  ( S p i t z e r  1 9 7 0 a ) ,  p e r m i t t i n g  d i v e r s e  
management p r o g r a m s .
The O s p re y ,  i n  s p i t e  o f  i t s  a d a p t a b i l i t y ,  i s  s u f f e r i n g  d r a s t i c  r e d u c ­
t i o n  i n  num bers i n  a r e a s  w h ic h ,  j u s t  a  few s h o r t  y e a r s  a g o ,  c o n t a i n e d  
f l o u r i s h i n g  p o p u l a t i o n s .  B ent (3937) r e p o r t e d  d e c l i n i n g  num bers i n  e a s t ­
e r n  Rhode I s l a n d  and  s o u t h e r n  M a s s a c h u s e t t s ,  w h i le  Kenyon ( l 97? )  n o t i c e d  
tre m en d o u s  d e c l i n e s  i n  lo w e r  C a l i f o r n i a  s i n c e  t h e  t u r n  o f  t h e  c e n t u r y .
I n  B r i t a i n ,  O sp rey s  w ere  d e c l i n i n g  b e f o r e  t h e  19CC}s ( P e t e r s o n  1 9 b 9 a ) ,
3U n t i l  1955 , o t h e r  Worth. A m erican  O sprey  p o p u l a t i o n s  w ere  e i t h e r  r e l a ­
t i v e l y  s t a b l e ,  o r  t h e i r  d e c l i n e  h a d  gone u n n o t i c e d .  I n  1 9 5 5 ,  P e t e r s o n  
( l9 6 9 h )  o b s e rv e d  a lm o s t  c o m p le te  r e p r o d u c t i v e  f a i l u r e  i n  a  C o n n e c t i c u t  
R i v e r  p o p u l a t i o n .  W hereas i n  195^ P e t e r s o n  c o u n te d  150 n e s t s  i n  t h e  
a r e a ,  Ames and M e rs e re a u  ( 196U) fo u n d  71 i n  i 960 and  o n ly  2h i n  196  ^ i n  
t h e  e n t i r e  s t a t e  o f  C o n n e c t i c u t .  At t h a t  t i m e ,  Ames and  M e rs e re a u  ( 196A) 
c a l c u l a t e d  a  31 p e r  c e n t  a n n u a l  d e c l i n e  f o r  t h a t  p o p u l a t i o n  w h ic h  was 
m a i n t a i n e d  t h r o u g h  1969  ( S p i t z e r  1 9 7 0 a ) .  More g e n e r a l l y ,  f o r  s o u th  New 
E n g la n d  and  Long I s l a n d ,  S p i t z e r  (1 9 7 0 a)  c a l c u l a t e d  from  o t h e r  w o r k e r s ’ 
n o t e s  t h a t  t h e r e  w ere  1 ,1 0 0  n e s t s  p r e s e n t  i n  1.9^0 , w h i l e  i n  t h i s  same 
a r e a  t o d a y ,  t h e r e  a r e  121  n e s t s ,  and t h e  p o p u l a t i o n  d e c l i n e  from  1969  t o  
1970 was 1 0 .3  p e r  c e n t  ( S p i t z e r  1 9 7 0 b ) .  O th e r  d e c l i n i n g  p o p u l a t i o n s  have  
b e e n  rexported  o n ,  o r  a r e  b e in g  s t u d i e d ,  i n  Queen A nne’ s C ounty  (R eese  
1 9 6 8 ) ,  A n n a p o l is  (G ra b a rc k  1 9 6 9 ) ,  and  t h e  Potomac R i v e r  (Wiemeyer 1 9 7 0 ) ,  
M a ry la n d ;  W is c o n s in  ( B e rg e r  and  M u e l l e r  1969 , I n g r im  1 9 6 6 ) ;  M ic h ig a n  
( P o s t u p a i s k y  .1 9 6 6 , 1968b ,  1 9 6 9 , I n g r im  1 9 6 6 ) ;  Maine (Kury 1 9 6 6 ) ;  Min­
n e s o t a  ( i n g r im  1 966 , D u n s ta n  1 9 6 8 ) ;  New J e r s e y  (Schm id 1 9 6 6 ) ;  and  Mon­
t a n a  (M a c C a r te r  e t  a l .  1 9 6 9 ) .  The a n n u a l  r a t e  o f  d e c l i n e  o f  many o f  
t h e s e  a r e a s  h a s  b een  c a l c u l a t e d  by Henny and Ogden (1 9 7 0 ) .
A c c o rd in g  t o  t h e  p r o d u c t i o n  f i g u r e s  o f  Henny and  W ight (1 9 6 9 ) ,  1 .2 2  
t o  1 .3 0  young m ust be  p r o d u c e d  p e r  a c t i v e  n e s t  t o  m a i n t a i n  a  s t a b l e  popu­
l a t i o n .  R e l a t i v e l y  s t a b l e  p o p u l a t i o n s  a r c  b e in g  r e p o r t e d  i n  T a l b o t  C o u n ty ,  
M a ry la n d (R e e se  1 9 7 0 ) ,  i n  s o u th e r n  F l o r i d a  (Ogden 1 9 7 0 a ,  1 9 7 0 b ) ,  and  i n  
B r i t i s h  C olum bia  (Kemper and  E astm an  1 9 7 0 ) .  In  E u ro p e ,  M o ll  (1 9 6 9 ) r e ­
p o r t s  a  small, b u t  s t a b l e  c o lo n y  i n  Germany. R eese  (1 9 6 9 ) ,  i n  M a ry la n d ,  
r e v e a l e d  a  r e m a rk a b le  s i m i l a r i t y  i n  l o c a t i o n  and number o f  n e s t s  i n  a  
s u rv e y  made i n  1892 and  a g a in  i n  1968.
P r i o r  t o  t h e  w id e s p r e a d  d e c l i n e  o f  t h e  O s p re y ,  1 .6 0  ( T y r r e l l  1936) 
t o  1 .7 2  (W ilc o x ,  q u o te d  f rom  S p i t z e r  1970a) young p e r  a c t i v e  n e s t  w ere  
p ro d u c e d .  T oday , t h e r e  i s  n o t  a  s i n g l e  p o p u l a t i o n  i n  N o r th  A m erica  
known t o  he  p r o d u c in g  a t  t h i s  r a t e .  E x p l a n a t io n s  f o r  r e d u c e d  young 
p r o d u c t i v i t y  have  n o t  b e e n  r e a d i l y  f o r th c o m in g .  B en t  (1937) f e l t  t h a t  
m an’ s d e s t r u c t i o n  o f  s u i t a b l e  n e s t i n g  s i t e s  h a s  b e e n  a  m a jo r  f a c t o r  i n  
Rhode I s l a n d  and  M a s s a c h u s e t t s ,  w h i l e  Kenyon (19^7 )  r e p o r t e d  t h e  s h o o t i n g  
o f  a d u l t s ,  com bined  w i t h  t h e  e a t i n g  o f  eggs and  young by  l o c a l  f i s h e r m e n ,  
t o  b e  t h e  c a u se  o f  t h e  lo w e r  C a l i f o r n i a  d e c l i n e .  P e t e r s o n  (1969a) b lam es  
gam ekeepers  and  egg c o l l e c t o r s  f o r  t h e  e r a d i c a t i o n  o f  t h e  s p e c i e s  i n  
B r i t a i n .
T hese  r e a s o n s ,h o w e v e r , do n o t  e x p l a i n  t h e  s e v e r e  r e p r o d u c t i v e  
f a i l u r e  n o t e d  s i n c e  1955 . Ames (1966) and  P o s t u p a l s k y  (1 9 6 9 ) h a v e  fou n d  
no c o r r e l a t i o n  b e tw e e n  t h e  d e g re e  o f  n e s t  i s o l a t i o n  and n e s t i n g  s u c c e s s ,  
t h u s  p r o b a b l y  e l i m i n a t i n g  many t y p e s  o f  human i n t e r f e r e n c e .  I n c r e a s e  i n  
p r e d a t i o n  h as  a l s o  b e e n  e l i m i n a t e d  a s  a  f a c t o r  f o r  t h i s  d e c l i n e  ( s e e  Ames 
( 1 9 6 U) and  R eese  (1970) Tor l i s t s  o f  p r e d a t o r s ) .  B ecause  O sp rey  m ig r a ­
t i o n s  a r e  so  w e l l  c o o r d i n a t e d  w i t h  sha,d (A lo sa  s p . )  and  h e r r i n g  (Pomo- 
lo b u s  s p . )  r u n s ,  t h e  l a c k  o f  fo o d  was s u g g e s t e d  by  Schm id (1 9 6 6 ) ,  b u t  
s i n c e  has  b e e n  d i s p r o v e d  by  S p i t z e r  ( 1 9 7 0 a ) .  I f  t h e  amount o f  fo o d  i s  
n o t  d e c r e a s i n g ,  p r e d a t i o n  n o t  i n c r e a s i n g ,  and  i f  r e a d i l y  e x p o se d  n e s t s  
a r e  p r o d u c in g  as  w e l l  a s  t h o s e  i s o l a t e d ,  i t  i s  s t r o n g l y  s u g g e s t e d  t h a t  
t h e r e  m ust be some common d e n o m in a to r  t h a t  i s  c a u s i n g  t h i s  s e v e r e  r e p r o ­
d u c t  fv e  f a i l u r e .
S in c e  t h e  p r o d u c t i o n  o f  p e r s i s t e n t  c h l o r i n a t e d  h y d ro c a rb o n s  i n  t h e  
m id t o  l a t e  1 9 ^ 0 ’ s and  t h e i r  i n t r o d u c t i o n  i n t o  t h e  e n v i r o n m e n t ,  t h e r e  h as  
b e e n  a  p a r a l l e l  d e c r e a s e  i n  E u ropean  and  N o r th  A m erican  r a p t o r s .  Anom-
a l i a s  su c h  a s  i n c r e a s e d  num bers o f  c r a c k e d  o r  b r o k e n  e g g s h e l l s  were 
o b s e r v e d  d u r in g  t h e  p e r i o d  1951 t o  1 966 , as com pared  t o  t h o s e  i n  t h e  
p e r i o d  19^+0 t o  1 9 5 0 ,  i n  B r i t a i n ’ s P e r e g r i n e  F a l c o n ,  Golden E a g le  (A q u i l a  
c h r y s a e t o s ) ,  and  Sparrowhawk (A c c i p i t e r  n i s u s ) ( R a t c l i f f e  1 9 6 7 ) .  A n o th e r  
anom aly  r e p o r t e d  from  B r i t a i n  was a  b e h a v i o r a l  change  i n  a d u l t  P e r e g r i n e s  
w h ich  w ere  s e e n  e a t i n g  t h e i r  own eggs ( R a t c l i f f e  1 9 5 8 ) .  In  19^-7, eg g ­
s h e l l  b r e a k a g e  was n o t e d  i n  a  M a s s a c h u s e t t s  P e r e g r i n e  e y r i e  (H agar 1 9 6 9 ) .
R a t c l i f f e  (1 9 6 7 ) ,  u s i n g  a  " t h i c k n e s s  i n d e x ” , fo u n d  t h a t  P e r e g r i n e  
F a l c o n ,  G olden  E a g l e ,  and  Sparrowhawk eggs  h a d  s i g n i f i c a n t l y  lo w e r  v a lu e s  
d u r in g  t h e  p e r i o d  19^7 t o  1967  t h a n  i n  t h e  p e r i o d  1900 t o  19^+6. The 
d e m a r c a t io n  b e tw e e n  t h e s e  v a l u e s  was a b r u p t ,  n o t  g r a d u a l ,  and  a p p e a r e d  
i n  s u c c e s s i v e  c l u t c h e s  o f  a  s i n g l e  fe m a le  P e r e g r i n e .  R a t c l i f f e  (1 9 6 7 ) 
fo u n d  t h a t  r e d u c e d  s h e l l  t h i c k n e s s  was c a u s e d  by a  lowre r e d  c a lc iu m  c a r ­
b o n a te  f r a c t i o n .  R a t c l i f f e  (1 9 6 7 ) f u r t h e r  n o t e d  t h a t  a  c a u s a l  r e l a t i o n ­
s h i p  b e tw e e n  t h e  t im e  o f  egg  b r e a k a g e  and  d e c r e a s e  i n  e g g s h e l l  w e ig h t  
e x i s t e d ,  an d  t h a t  t h e  f r e q u e n c y  o f  t h i s  r e l a t i o n s h i p  was c o r r e l a t e d  t o  
t h e  s u b s e q u e n t  b r e e d i n g  s t a t u s  o f  c e r t a i n  r a p t o r s  and t o  t h e i r  e x p o s u re  
t o  t h e  i n c r e a s e  o f  e n v i r o n m e n t a l  c o n ta m in a t io n  by  p e r s i s t e n t  o r g a n i c  
p e s t i c i d e s .
H ick ey  and  A n d e rso n  (1 9 6 8 ) com pared  t h e  e g g s h e l l  t h i c k n e s s  o f  N o r th  
A m erican  P e r e g r i n e  F a l c o n s ,  B a ld  E a g le s  (H a l i a e e t u s  l e u c o c e p h a l u s ) ,  and  
O s p r e y s ,  a l l  d e c l i n i n g  s p e c i e s ,  t o  Golden  E a g le s  (McGahan 1 9 6 8 ) ,  Red- 
t a i l e d  Hawks ( B u teo  j a m a i c e n s l s ) ( L u t t i c h  e t  a l .  1 9 7 1 ) ,  and  G re a t  Horned 
Owls (Bubo v i  r  g in  i  a n u s ) , w h ich  a p p a r e n t l y  a r e  s t a b l e  s p e c i e s .  S in c e  1.9^7, 
U n i t e d  S t a t e s  P e r e g r i n e s  showed an 1 8 .8  t o  2 6 .0  p e r  c e n t  d e c r e a s e  i n  egg­
s h e l l  w e i g h t .  B a ld  E a g le s  and Newr J e r s e y  O sp reys  showed a  s i m i l a r  de ­
c r e a s e ,  w h i l e  t h e  t h r e e  s t a b l e  s p e c i e s  a c t u a l l y  showed an i n c r e a s e  i n
6s h e l l  w e i g h t .  A d i r e c t  c o r r e l a t i o n  "between t h e  i n t r o d u c t i o n  o f  p e r s i s ­
t e n t  c h l o r i n a t e d  h y d r o c a r b o n s  and t h e  p a r a l l e l  d e c r e a s e  i n  e g g s h e l l  
w e ig h t  among some r a p t o r s  was a g a in  i n d i c a t e d .
I n  c o n t r o l l e d  l a b o r a t o r y  e x p e r i m e n t s ,  d o s in g  S parrow  Hawks (F a l c o  
s p a r v e r i u s ) w i t h  d i e l d r i n  and  DDT r e s u l t e d  i n  a  s i g n i f i c a n t  d e c r e a s e  
i n  e g g s h e l l  t h i c k n e s s  ( P o r t e r  and Wiemeyer 1 9 ^ 9 ) .  S i m i l a r  r e s u l t s  i n  
S pa rrow  Hawks w ere  a l s o  fo u n d  when DDE was u s e d  ( P o r t e r  and  Wiemeyer 
1 9 7 0 ) .  H e a th  e t  a l .  (19^9 )  fo u n d  a  m arked  r e d u c t i o n  i n  t h e  h a t c h i n g  
s u c c e s s  o f  M a l l a r d s  (Anas p l a t y r h y n c h o s ) when t h e y  w ere  f e d  d o s e s  o f  DDE. 
E g g s h e l l s  w ere  13 p e r  c e n t  t h i n n e r ,  s h e l l  c r a c k i n g  f r e q u e n c y  was 10 t o  
25 p e r  c e n t  h i g h e r ,  and  embryo m o r t a l i t y  v a r i e d  from  30 t o  50 p e r  c e n t  
d u r in g  t h e  l a s t  week o f  i n c u b a t i o n .
E n d o c r i n o l o g i c a l  s t u d i e s  ( P e a k a l l  19&7) p r o v id e  e v id e n c e  t h a t  DDT 
in d u c e s  an  i n c r e a s e d  r a t e  o f  s t e r o i d  m e ta b o l i s m  by  t h e  i n d u c t i o n  o f  
h e p a t i c  enzym es. A l th o u g h  e s t r o g e n  i s  n e c e s s a r y  f o r  bone  m e ta b o l i s m ,  a  
d e c r e a s e d  l e v e l  o f  t h i s  hormone i n  t h e  b lo o d  was n o t  t h o u g h t  t o  b e  t h e  
Cfiuse o f  t h i n  s h e l l i n g .  R a t h e r ,  t h e  r e d u c e d  e s t r o g e n  l e v e l s  w ere  h y p o th ­
e s i z e d  t o  have  t h e  e f f e c t  o f  p o s tp o n i n g  o r  a c t u a l l y  e l i m i n a t i n g  egg  
l a y i n g  f o r  a  b r e e d i n g  s e a s o n .  A l s o ,  P e a k a l l  (1970b)  s t a t e d  t h a t  t h e  
t h e o r y  t h a t  DDT c a u s e d  h y p o c a lc e m ia  f o r  e g g s h e l l  t h i c k n e s s  i s  n o t  com pat­
i b l e  w i t h  t h e  f a c t  t h a t  t h e  m u s c u la r  and  n e rv o u s  sy s te m s  r e q u i r e  f i x e d  
c a lc iu m  l e v e l s .  The c o n c l u s i v e  e v id e n c e  f o r  s h e l l  t h i n n i n g  came when 
P e a k a l l  (1970b)  an d  B itm an  e t  a l .  (1970) s i m u l t a n e o u s l y  r e p o r t e d  t h a t  DDE 
c a u s e d  d e c r e a s e d  l e v e l s  o f  c a r b o n i c  a n h y d r a s e ,  w h ich  c o n t r o l s  h y d r a t i o n  
o f  c a rb o n  d i o x i d e ,  and  t h u s  p r o v i d e s  c a r b o n a te  i o n s  f o r  s h e l l  f o r m a t i o n  
in  t h e  o v i d u c t .  W ith  r e d u c e d  l e v e l s  o f  t h e s e  i o n s ,  t h e  c a lc iu m  c a r b o n a te  
f r a c t i o n  o f  t h e  egg  w ould  be  l o w e re d .  I n  b o t h  c a s e s ,  b l o o d  c a lc iu m  l e v e l
was n o t  l o w e r e d ,  w h i l e  e g g s h e l l  t h i n n i n g  was o b s e rv e d .
A nderson  e t  a l .  ( 1 9 6 9 ) f i r s t  s t a t e d  t h a t  DDE a p p e a r e d  t o  be  t h e  
e n v i r o n m e n t a l  p o l l u t a n t  m ost r e s p o n s i b l e  f o r  t h e  e g g s h e l l  syndrom e.
I n v e r s e  l i n e a r  r e l a t i o n s h i p s  b e tw e e n  h ig h  l e v e l s  o f  DDE and  t h i n  s h e l l s  
h a v e  now b e e n  shown i n  H e r r in g  G u l l s  ( L a ru s  a r g e n t a t u s ) (H ick e y  and 
A nd erso n  1 9 6 8 ) ,  i n  P r a i r i e  F a lc o n s  (F&lco m e x ic a n u s ) (E n d e rso n  and  B e rg e r  
1970)5  and  i n  D o u b l e - c r e s t e d  C orm oran ts  ( P h a l a c r o c o r a x  a u r i t u s ) (A nderson  
e t  a l .  1 9 6 9 ) .  Low l e v e l s  o f  p e s t i c i d e s  have  b e e n  shown t o  r e d u c e  s h e l l  
t h i c k n e s s  d i s p r o p o r t i o n a l l y  t o  h i g h e r  l e v e l s  ( P e a k a l l  1 9 7 0 a ) .  T h is  i s  
e v i d e n t  i n  S pa rrow  Hawk e x p e r i m e n t s ,  w here  b o t h  low  and  h i g h  d o s e s  o f  DDT 
and  d i e l d r i n  showed i n s i g n i f i c a n t  d i f f e r e n c e s  i n  in d u c e d  e g g s h e l l  t h i n n i n g  
( P o r t e r  and  Wiemeyer 1 9 6 9 ) .
Though P e r e g r i n e  p o p u l a t i o n s  have  s u f f e r e d  d r a s t i c  d e c l i n e s  i n  N o r th  
A m erica  (H ick e y  1 9 6 9 ) ,  s t a b l e  p o p u l a t i o n s  s t i l l  e x i s t  i n  A la s k a  (Cade e t  
a l .  1 9 b 8 ,  E n d e rso n  e t  a l .  1 9 6 8 ) and  i n  n o r t h e r n  Canada (E nderson ; and 
B e r g e r  1 9 6 8 ) .  H igh l e v e l s  o f  DDE i n  P e r e g r i n e  a d ip o s e  t i s s u e s  w ere  found  
i n  b o th  a r e a s ,  b u t ,  u n f o r t u n a t e l y ,  no  s h e l l  t h i c k n e s s  d a t a  a r e  a v a i l a b l e .
R e d u c t io n  i n  s h e l l  t h i c k n e s s  i n  Brown P e l i c a n s  ( P e le c a n u s  o c c i d e n t ­
a l s  ) h a s  b e e n  d i s c l o s e d  by  B lus  (1970) and R is e b ro u g h  e t  a l .  ( 1 9 6 9 ) .
The l a t t e r  w o rk e rs  h av e  m e a s u re d  a  53 p e r  c e n t  mean r e d u c t i o n  i n  s h e l l  
t h i c k n e s s  i n  C a l i f o r n i a  P e l i c a n s ,  w i t h  an e x tre m e  r e d u c t i o n  o f  95 p e r  
c e n t .  DDE l e v e l s  i n  t h e s e  eggs  h av e  r e a c h e d  2 ,5 0 0  ppm ( p a r t s  p e r  m i l ­
l i o n )  .
A d u l t  B a ld  E a g le  m o r t a l i t y  due t o  p e s t i c i d e s  h a s  b e e n  r e p o r t e d  (Coon 
e t  a l .  1 9 8 9 , R e i c h e l  e t  a l .  1969s M ulhern  e t  a l .  1 9 7 0 ) .  T h i r t y  ppm o f  DDT 
( S t i c k e l  e t  a l .  1966) and  k t o  5 ppm o f  d i e l d r i n  ( S t i c k e l  e t  a l .  1968) i n  
t h e  b r a i n s  o f  e a g l e s  i s  t h o u g h t  l e t h a l .  As w i t h  a l l  o f  t h e  p o p u l a t i o n s
m e n t io n e d  a b o v e ,  a d u l t  m o r t a l i t y  does  n o t  seem t o  be  t h e  c a u se  o f  t h e i r  
d e c l i n e .  K ra n tz  e t  a l .  ( 1 9 7 0 ) ,  i n  com paring  t h e  c o n ta m in a t io n  o f  e a g l e  
eg g s  from  F l o r i d a  and  W is c o n s in ,  w h ich  a r e  s t a b l e  p o p u l a t i o n s ,  t o  t h e  
d e c l i n i n g  p o p u l a t i o n s  o f  M a ine ,  fo u n d  t h a t  Maine eggs  c o n t a i n e d  2 t o  b 
t i m e s  more DDE. Egg t h i c k n e s s e s  were s i m i l a r ,  w h ich  l e n d s  s u p p o r t  t o  p r e ­
v i o u s  f i n d i n g s  ( P e a k a l l  1970a)  t h a t  s m a l l  am ounts o f  DDE do c a u se  su b ­
s t a n t i a l  d e c r e a s e s  i n  s h e l l  t h i c k n e s s .
More r e c e n t  i n v e s t i g a t i o n s  have  i n d i c a t e d  t h a t  o t h e r  e n v i r o n m e n ta l  
c o n t a m i n a n t s ,  n o t a b l y  t h e  p o l y c h l o r i n a t e d  b i p h e n y l s  (PCB), a r e  s t r o n g e r  
i n d u c e r s  o f  h e p a t i c  h y d r o x y l a t i n g  enzymes ( L i n c e r  and  P e a k a l l  1 9 7 0 s R i s e -  
b r o u g h  e t  a l .  1 9 6 8 b ) .  A l th o u g h  PCB’ s can  be  " b i o l o g i c a l l y  m a g n i f i e d "  
( P e a k a l l  and  L i n c e r  1 9 7 0 ) ,  t h e y  a r e  n o t  t h o u g h t  as  t o x i c  t o  a d u l t  b i r d s  
(H e a th  e t  a l .  1970) a s  t h e  DDT f a m i l y .  J o i n t  t o x i c i t y  o f  DDT and  PCB’ s 
i s  a d d i t i v e  and  n o t  s y n e r g i s t i c  (H ea th  e t  a l .  1 9 7 0 ) .
W ith  t h e  d i s t r i b u t i o n  o f  p e s t i c i d e s  by  w inds  (R is e b ro u g h  e t  a l .
1968a)  and  t h e  p r e s e n c e  o f  DDT (R is e b ro u g h  e t  a l .  1 9 6 7 3 W u rs te r  and  W ind- 
g a t e  1 9 6 8 ) an d  PCB’ s i n  p e l a g i c  s p e c i e s  (R is e b r o u g h  e t  a l .  19b8b) and  i n  
v i r t u a l l y  a l l  form s o f  o c e a n  l i f e ,  i t  i s  n o t  s u r p r i s i n g  t h a t  t h e  o rg a n ism s  
c o m p r i s in g  t h e  h i g h e r  t r o p h i s  l e v e l s  c o n t a i n  p r o d i g i o u s  am ounts o f  t h e s e  
p o l l u t a n t s .  T h e r e f o r e ,  t o p  c a r n i v o r e s  can  b e  s t u d i e d  a s  i n d i c a t o r s  o f  
e n v i r o n m e n t a l  p o l l u t i o n .
Ames ( 1 9 6 6 ) m e n t io n e d  t h a t  no q u a n t i t a t i v e  s t u d y  o f  O sp reys  s o u th  o f  
M a ry la n d  h a d  b e e n  d o n e .  T h is  f a c t ,  a lo n g  w i t h  i n s u f f i c i e n t  d a t a  on p e s t ­
i c i d e  l e v e l s  and  e g g s h e l l  c h a n g es  i n  O s p r e y s , p ro m p te d  t h e  p r e s e n t  i n v e s ­
t i g a t i o n .  The p u r p o s e s  o f  t h i s  s t u d y  w ere  a )  t o  q u a n t i f y  t h e  O sp rey  popu­
l a t i o n  e x i s t i n g  i s  a  m a jo r  p o r t i o n  o f  T id e w a te r  V i r g i n i a ,  b )  t o  d e te r m in e  
t h e  s t a t u s  o f  t h i s  p o p u l a t i o n ,  c )  t o  d e te r m in e  t h e  c a u s e  o f  i t s  d e c l i n e ,
i f  n o t e d ,  and  d) t o  d e v i s e  m ethods t o  a l l e v i a t e  t h e  r e p o r t e d  d e c l i n i n g  
O sprey  p o p u l a t i o n s  i n  o t h e r  p a r t s  o f  N o r th  A m erica .
STUDY AREA
The s tu d y  a r e a  ( F ig u r e  2) c o n s i s t s  o f  a p p r o x im a te ly  1 ,0 8 7  s q u a r e
n a u t i c a l  m i l e s ,  and  i n c l u d e s  m ost o f  t h e  T id e w a te r  a r e a  and E a s t e r n  S h o re
o f  V i r g i n i a .  Most c h a r a c t e r i s t i c  o f  t h i s  r e g i o n  i s  t h e  t re m en d o u s  number
o f  e s t u a r i n e  s y s te m s ,  w h ich  d i v i d e  t h e  l a n d  i n t o  an  i n t r i c a t e  maze o f
p e n i n s u l a s  and  i s l a n d s .  I n  o r d e r  t o  compare t h e  p o s s i b l e  i n f l u e n c e  o f
e n v i r o n m e n t a l  p o l l u t i o n  on d i f f e r e n t  V i r g i n i a  O sprey  p o p u l a t i o n s ,  t h e
s tu d y  a r e a  was s u b d iv i d e d  i n t o  n i n e  g e o g r a p h i c a l l y  d i s t i n c t  r e g i o n s .
T h e i r  names and  t h e  a p p ro x im a te  a r e a  t h e y  c o v e r  a r e  d e s c r i b e d  b e lo w :
Jam es R i v e r  ( l 6 0  s q u a r e  n a u t i c a l  m i l e s )
T h is  a r e a  c o n s i s t s  o f  t h a t  p a r t  o f  t h e  James R i v e r  and  i t s
t r i b u t a r i e s  ( e x c e p t i n g  t h e  C hickahom iny  R i v e r )  w h ic h  l i e  b e tw e en  t h e
c i t i e s  o f  H o p ew ell  and  Newport News.
C hickahom iny  R i v e r  (29 s q u a re  n a u t i c a l  m i l e s )
T h is  a r e a  b e g in s  one m i l e  from  t h e  m outh  o f  t h e  C hickahom iny
R i v e r  and  e nds  a t  Chickahom iny  L ake . T h is  r e g i o n  was n o t  i n c l u d e d
w i t h  t h e  Jam es R i v e r  d i v i s i o n  b e c a u s e  t h e  Chickahom iny  R i v e r  i s  n o t
a s  p o l l u t e d ,  and  t h u s  w ould  have  d i s g u i s e d  t h e  t r u e  s t a t u s  o f  t h e
O sp rey  i n  t h e  James R i v e r .  .
York R i v e r  (91  s q u a r e  n a u t i c a l  m i l e s )
T h is  s u b d i v i s i o n  i s  composed o f  t h e  e n t i r e  York R i v e r ,  from  i t s
b e g in n i n g  a t  M objack Bay t o  i t s  end  a t  West P o i n t ,  V i r g i n i a .
M objack Bay (72  s q u a r e  n a u t i c a l  m i l e s )
M objack  Bay c o n s i s t s  o f  f o u r  r i v e r  sy s te m s  w h ich  f lo w  i n t o  and
10
i ii m/wmi'in i i i w 11in i nmiwmi— r n
a c t u a l l y  fo rm  t h i s  b a y .  These  r i v e r  sy s te m s  a r e  t h e  S e v e rn  R i v e r ,  
t h e  Ware R i v e r ,  t h e  N o r th  R i v e r ,  and  t h e  E a s t  R i v e r .
New P o i n t  Com fort (1*7 s q u a r e  n a u t i c a l  m i l e s )
T h is  a r e a  l i e s  b e tw e e n  t h e  i s l a n d  o f  New P o i n t  Com fort and  
S t i n g r a y  P o i n t ,  an d  b o r d e r s  t h e  C hesapeake  Eay. The m a jo r  p o r t i o n  
o f  t h e  P i a n k a t a n k  R i v e r  i s  a l s o  i n c l u d e d  i n  t h i s  s u b d i v i s i o n .  
Rappahannock  R i v e r  (170 s q u a r e  n a u t i c a l  m i l e s )
T h is  a r e a  i n c l u d e s  t h e  R appahannock  R i v e r  f rom  Tappahannock  
t o  i t s  m outh a t  t h e  C h esapeake  Bay. B oth  t h e  E a s t e r n  and  W este rn  
B ra n c h es  o f  t h e  C orro tom an  R i v e r ,  a  t r i b u t a r y ,  w ere  i n c l u d e d  i n  1971* 
F l e e t s  Bay (1*2 s q u a r e  n a u t i c a l  m i l e s )
T h is  a r e a  e x te n d s  from  W in d m il l  P o i n t  a t  t h e  m outh  o f  t h e  
R appahannock  R i v e r  t o  Dameron M arsh . B o r d e r in g  t h e  C hesapeake  
Bay, t h i s  a r e a  i n c l u d e s  F l e e t s  Bay , w i t h  i t s  many t i d a l  c r e e k s ,  
and  D i v i d in g  C reek .
E a s t e r n  S h o r e , A t l a n t i c  S id e  (360 s q u a r e  n a u t i c a l  m i l e s )
T h is  a r e a  i n c l u d e s  a l l  o f  t h e  c r e e k s ,  m a r s h e s ,  i s l a n d s ,  and  
B a r r i e r  I s l a n d s  w h ich  o c c u r  from  F is h e rm a n  I s l a n d  (o c e a n  s i d e )  t o  
t h e  V i r g in i a - M a r y l a n d  b o r d e r .
E a s t e r n  S h o r e , Bay S id e  ( l l 6  s q u a r e  n a u t i c a l  m i l e s )
T h is  a r e a ,  b o r d e r e d  by t h e  C hesapeake  Bay an d  i n c l u d i n g  
s e v e r a l  l a r g e  c r e e k s ,  e x te n d s  from  F ish e rm a n  I s l a n d  (Bay s i d e )  
t o  t h e  V i r g in i a - M a r y l a n d  b o r d e r .
The C hickahom iny R i v e r ,  t h e  E a s t e r n  S ho re -B ay  S i d e ,  and  p a r t s  o f  
F l e e t s  Bay , t h e  York R i v e r ,  t h e  James R i v e r ,  and  o f  t h e  R appahannock  
R i v e r  w ere  n o t  s t u d i e d  i n  1970 . These  a r e a s  w ere  i n c l u d e d  i n  197-b t o  
g iv e  a  b r o a d e r  s p e c t ru m  o f  p o p u l a t i o n  t r e n d s .  T h is  i n c r e a s e  i n  a r e a s
s t u d i e d  w i l l  a c c o u n t  f o r  t h e  g r e a t e r  number o f  n e s t s  fo u n d  t h r o u g h o u t  
t h e  s t a t e  i n  1971*
Common t o  a l l  o f  t h e s e  a r e a s  i s  t h e  h a r v e s t i n g  o f  s e a f o o d  and  t h e  
u t i l i z a t i o n  o f  b o r d e r i n g  l a n d  f o r  a g r i c u l t u r a l  p u r p o s e s .  Fa rm ing  i s  
m ost c o n c e n t r a t e d  on t h e  E a s t e r n  S h o r e - A t l a n t i c  S i d e .  Only two o t h e r
a r e a s ,  t h e  James and York R i v e r s ,  c o n t a i n  m a jo r  i n d u s t r i e s  o t h e r  t h a n
t h o s e  m e n t io n e d  a b o v e .  B o a t in g ,  f i s h i n g ,  and  h u n t i n g  a r e  r e c r e a t i o n a l  
a c t i v i t i e s  w h ich  a r e  on t h e  r i s e  i n  a l l  o f  t h e  s tu d y  a r e a s ,  due t o  t h e  
i n f l u x  o f  summer v a c a t i o n e r s .  These  a c t i v i t i e s ,  com bined  w i t h  t h e  
r e d u c t i o n  o f  n e s t i n g  h a b i t a t ,  may be  a  c a u se  f o r  lo w e re d  O sp rey  d e n s i t y  
i n  some a r e a s .  However, s u i t a b l e  n e s t i n g  s t r u c t u r e s  s t i l l  a r e  n o t  
c o n s i d e r e d  t o  be  i n  s h o r t  s u p p ly .
I n  o r d e r  t o  s a v e  s p a c e  i n  t h e  T a b le s  ( e x c e p t  i n  T a b le  l )  fo u n d  i n  
t h i s  m a n u s c r i p t ,  t h e  names o f  t h e  a r e a s  w i l l  be  a b b r e v i a t e d  as  f o l l o w s :
James R i v e r  J .  R . ,  C hickahom iny  R i v e r  C. R . , York R i v e r ----Y . - R . ,
M objack  Bay M. B . ,  New P o i n t  Comfort' N. P .  C . , R appahannock  R i v e r -----
R. R . , F l e e t s  Bay F . B . , E a s t e r n  S h o r e - A t l a n t i c  S i d e  O cean , and
E a s t e r n  S h o re -B ay  S i d e  Bay.
MATERIALS AND METHODS
P o p u l a t i o n  S u rveys
P o s t u p a l s k y  ( 1968a )  s t a t e s  t h a t  a  minimum o f  two s u r v e y s  s h o u ld  he  
made e a c h  n e s t i n g  s e a s o n .  One s h o u ld  he  made e a r l y  t o  c o u n t  a c t i v e  n e s t s ,  
and  t h e  s e c o n d  s h o u ld  he  made l a t e r  i n  t h e  s e a s o n  t o  t a b u l a t e  young p r o ­
d u c t i o n .  R eese  (1 9 7 0 ) ,  h o w e v e r ,  f e e l s  t h a t  t h e  s u rv e y s  m ust be  made w i t h
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a  minimum amount o f  t im e  b e tw e en  th e m , i n  o r d e r  t o  r e c o r d  e v e r y  p h a s e  o f  
t h e  n e s t i n g  c y c l e ;  t h e r e f o r e , h e  v i s i t e d  h i s  a r e a  e v e r y  tw e lv e  d a y s .  In  
t h i s  s t u d y ,  t h e  f r e q u e n c y  o f  s u r v e y s  l i e s  b e tw e e n  t h a t  o f  t h e s e  two w o r k e r s ’ 
s u g g e s t i o n s .
I n  1970 , s tu d y  a r e a s  w ere  v i s i t e d  a t  l e a s t  t w i c e  t o  d e te r m in e  
t h e  number o f  a c t i v e  n e s t s ,  num ber o f  eggs  l a i d ,  h a t c h i n g  s u c c e s s ,  and  
number o f  young f l e d g e d .  B ecause  none o f  t h e  a r e a s  h a d  e v e r  b e e n  
v i s i t e d  by  t h e  a u t h o r ,  a  g r e a t  d e a l  o f  t im e  was s p e n t  i n v e s t i g a t i n g  
p o s s i b l e  co v es  and  c r e e k s  w here  O sp reys  w ere  n o t  fo u n d .  I n  1971» 
v i s i t a t i o n  o f  t h e  s tu d y  a r e a s  was more d i r e c t l y  c o r r e l a t e d  w i t h  t h e  
p h e n o lo g y  o f  t h e  s p e c i e s .  T h e r e f o r e ,  e a c h  a r e a  was v i s i t e d  from  
e a r l y  A p r i l  t h r o u g h  e a r l y  May t o  d e te r m in e  t h e  num ber o f  a c t i v e  n e s t s  
and  t o  a c c u m u la te  a  s i z a b l e  sam ple  o f  d a t a  on c l u t c h  s i z e ;  from  m id 
May th r o u g h  Ju n e  t o  d e te r m in e  t h e  h a t c h i n g  outcome o f  e v e r y  a v a i l a b l e  
n e s t ;  and  from  l a t e  Ju n e  t h r o u g h  J u l y  t o  c o l l e c t  i n f o r m a t i o n  on 
f l e d g i n g  s u c c e s s .  F o l lo w in g  t h i s  schem e, e v e ry  s tu d y  a r e a  was v i s i t e d  
a t  l e a s t  f o u r  t im e s  ( e x c e p t  t h e  E a s t e r n  S h o re -B ay  S i d e ,  w h ic h  was 
v i s i t e d  t h r e e  t i m e s ) .  C overage  o f  t h e  a r e a  was made by  c r u i s i n g  a lo n g
ll*
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t h e  c o a s t l i n e s  o f  e a c h  a r e a ,  n o t i n g  t h e  p r e c i s e  l o c a t i o n  o f  e a c h  
n e s t ,  and  r e c o r d i n g  i t s  l o c a t i o n  on g e o l o g i c a l  s u rv e y  m aps. Method 
o f  c o v e ra g e  was im p ro v e d  i n  1971  "by t h e  a d d i t i o n  o f  a  f a s t e r ,  more 
s e a w o r th y ,  16  f o o t  f i b e r g l a s s  b o a t ,  w h ich  made i t  p o s s i b l e  t o  s u rv e y  
e a c h  a r e a  more q u i c k l y  and  e f f i c i e n t l y .  A l s o ,  i n  1 9 7 1 5 a e r i a l  
s u r v e y s  w ere  made o v e r  t h e  James R i v e r  and b o th  s u b d i v i s i o n s  o f  t h e  
E a s t e r n  S h o re .
D e t e r m in a t io n  o f  N e s t in g  S t a t u s
A c t iv e  n e s t s  w ere  c l a s s i f i e d  a c c o r d in g  t o  t h e  amount o f  i n f o r ­
m a t io n  a c c u m u la te d  d u r in g  s u r v e y s  and  t o  a c c e s s i b i l i t y  f o r  o b s e r v a t i o n  
o f  n e s t  c o n t e n t s .  The f i v e  t y p e s  a r e  l i s t e d  b e lo w :
1 . Unknown- Egg P r o d u c t i o n  -  No_ Young
These  i n a c c e s s i b l e ,  a c t i v e  n e s t s  w ere  o b s e rv e d  a t  a  d i s ­
t a n c e .  F e m a le s ,  s q u a t t i n g  a s  i f  i n c u b a t i n g ,  w ere  s e e n .  Upon 
l a t e r  e x a m i n a t i o n ,  t h e . s i t e  was e i t h e r  aban d o n ed  o r  t h e  a d u l t  
b i r d s  w ere  p e r c h e d  on o r  n e a r b y  t h e  n e s t  i n  su c h  a  f a s h i o n  as 
t o  s u g g e s t  t h e  a b s e n c e  o f  young .
Known Egg P r o d u c t i o n  -  No Young
These  a c c e s s i b l e ,  a c t i v e  n e s t s  w ere  exam ined  f o r  t h e  num­
b e r  o f  eggs  p r o d u c e d .  B ecause  o f  egg  b r e a k a g e  o r  em bryon ic  
m o r t a l i t y ,  t h e  e ggs  f a i l e d  t o  h a t c h .  T h u s ,  no  young w ere  p r o ­
duced .
3 . Known Young P r o d u c t i o n  -  Unknown Egg P r o d u c t i o n
These  a c t i v e  n e s t s  c o n s i s t  o f  b o t h  a c c e s s i b l e  and i n a c c e s ­
s i b l e  s t r u c t u r e s .  I f  a c c e s s i b l e ,  t h e  n e s t s  w ere  o f t e n  i n  t a l l  
t r e e s ,  w hich  a t  t h e  t im e  o f  egg l a y i n g  and  i n c u b a t i o n ,  t h e  a u t h o r  
f e l t  s h o u ld  n o t  b e  c l im b e d .  T h e r e f o r e ,  no  egg  d a t a  was c o l l e c t e d .  
However, i f  young w ere  p r e s e n t  l a t e r ,  t h e  s t r u c t u r e  on w h ich  t h e
n e s t  was l o c a t e d  was c l im b e d  and  t h e  young w ere  c o u n te d  
and  b a n d e d .  A l s o ,  s e v e r a l  n e s t s  w ere  v i s i t e d  w e l l  i n t o  t h e  
s e a s o n  when young h a d  a l r e a d y  h a t c h e d ,  m aking  i t  i m p o s s ib l e  
t o  d e te r m in e  a c c u r a t e  c l u t c h  s i z e .  I n  t h e  i n a c c e s s i b l e  n e s t s ,  
t h e  young w ere  c o u n te d  when t h e y  r e a c h e d  l a t e r  n e s t l i n g  
s t a g e s .  At t h e s e  t i m e s ,  t h e  young w ere  o b s e rv e d  w i t h  b i n o c ­
u l a r s ,  w h i l e  t h e y  w ere  e i t h e r  c ro u c h in g  i n  t h e  n e s t  o r  b e in g  
f e d  by  t h e  p a r e n t .  I f  any d o u b t  e x i s t e d  a s  t o  t h e  number o f  
young  p r e s e n t ,  t h e  n e s t  was c l a s s i f i e d  a s  a  #5 .
Known Egg and  Young P r o d u c t i o n
A c t i v e ,  a c c e s s i b l e  n e s t s  w i th  known c l u t c h  s i z e  and 
known young  p r o d u c t i o n  o f  a t  l e a s t  one young w ere  p l a c e d  
i n  t h i s  c l a s s i f i c a t i o n .  I f  o n ly  one egg was fo u n d  i n  t h e  
n e s t ,  and  i f  t h i s  egg  h a t c h e d  a t  a  l a t e r  d a t e ,  t h i s  n e s t  
w ou ld  be  c l a s s i f i e d  a s  a  #3 . The r e a s o n  f o r  t h i s  c l a s s i ­
f i c a t i o n  was t h a t  one egg  was n o t  t h o u g h t  t o  be  a  co m p le te  
c l u t c h .
Unknown Egg and Young P r o d u c t i o n
T h is  c a t e g o r y  d i f f e r s  from  #1 o n ly  b e c a u s e  young w ere  
known t o  h a v e  b e e n  p r o d u c e d ;  h o w e v e r ,  t h e i r  num ber c o u ld  
n o t  b e  r e s o l v e d .  The p r e s e n c e  o f  young was d e te r m in e d  by  
t h e  p o s i t i o n  o f  t h e  f e m a le  on t h e  n e s t .  On h o t  d a y s ,  she  
w ou ld  be s t a n d i n g  o v e r  t h e  y o u n g ,  s h a d in g  them  w i t h  h e r  
w in g s .  S o m etim es ,  t h e  fe m a le  was o b s e r v e d  f e e d i n g  t h e  
yo u n g .  The m ere  p r e s e n c e  o f  t h e  f em a le  a t  t h e  n e s t  l a t e  
i n  t h e  b r e e d i n g  s e a s o n  and  h e r  a g g r e s s i v e  b e h a v i o r  was 
a l s o  t h o u g h t  t o  be  i n d i c a t i v e  o f  t h e  p r e s e n c e  o f  young .
C a l c u l a t i o n s
I n  t h i s  p a p e r ,  f i v e  fo rm u la e  w ere  u s e d :  ( l ) .  t o  d e te r m in e  t h e
num ber o f  young p r o d u c e d  f o r  a l l  n e s t s  i n  w h ich  young w ere  p r o d u c e d ;  
( 2 ) .  t o  c a l c u l a t e  h a t c h i n g  s u c c e s s ;  ( 3 ) .  t o  c a l c u l a t e  t h e  m in im a l  
annual, r a t e  o f  d e c l i n e ;  ( ^ ) .  t o  c a l c u l a t e  egg vo lum e; and  ( 5 ) .  t o  
c a l c u l a t e  an e g g s h e l l  t h i c k n e s s  i n d e x  ( R a t c l i f f e  1 9 6 7 ) .  I n  T a b le  9 ,  
t h e r e  i s  a  column l a b e l e d  " C a l c u l a t e d  Number o f  Young P r o d u c e d " .  
T hese  num bers a r e  d e r i v e d  by  m u l t i p l y i n g  t h e  a v e ra g e  number o f  young 
p e r  p r o d u c t i v e  n e s t  from  e a c h  a r e a  (T a b le  7 ) by  t h e  number o f  n e s t s  
c l a s s i f i e d  a s  #5 i n  T a b le  1 .  T h is  p r o d u c t ,  added  t o  t h e  number o f  
young known t o  h a v e  b e e n  p ro d u c e d  (T a b le  7) g i v e s  t h e  c a l c u l a t e d  
( T o t a l )  num ber o f  young p r o d u c e d .
I n  T a b le  8 ,  c a l c u l a t e d  t o t a l s  f o r  "E" (number o f  e g g s )  and  "$"  
( p e r c e n t  h a t c h i n g )  w ere  d e r i v e d  by  m u l t i p l y i n g  t h e  a v e ra g e  c l u t c h  
s i z e  (1970  o r  1971) by  t h e  num ber o f  p r o d u c t i v e  o r  a c t i v e  n e s t s  t o  
g iv e  t h e  "E" v a l u e s  and  d i v i d i n g  "E" i n t o  "Y" (#  o f  young  p ro d u c e d )  
t o  g iv e  "#"  v a l u e s .
To c a l c u l a t e  t h e  a n n u a l  r a t e  o f  d e c l i n e ,  t h e  a u t h o r  u s e d  Henny 
and  O g d e n 's  (1970)  f o rm u la :
1 + U -  S = (M )(S o )(S 2 )
Where U = a n n u a l  r a t e  o f  change  ( d e c l i n e )  i n  t h e  p o p u l a t i o n .
M = t h e  a v e ra g e  number o f  fe m a le  f l e d g l i n g s  p ro d u c e d  p e r
b r e e d i n g  age  f e m a le .  T h is  assum es t h a t  a l l  f e m a le s  t h r e e  
y e a r s  o f  age  and  o l d e r  b r e e d ,  and t h a t :  2M = t h e  t o t a l
num ber o f  young p ro d u c e d  p e r  b r e e d i n g  age  fem a le  a ssu m in g  
an  e q u a l  s e x  r a t i o  o f  f l e d g l i n g s .
So = 1 s t  y e a r  s u r v i v a l  r a t e .
S = a d u l t  a n n u a l  s u r v i v a l  r a t e  o f  1 -  a n n u a l  m o r t a l i t y  r a t e .  .
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V a lu e s  f o r  M w ere  c a l c u l a t e d  by d i v i d i n g  t h e  maximum number o f  young 
f l e d g e d  (T a b le  9) "by 2 .  So and  S v a l u e s  w ere  a d a p te d  from  Henny and  
W ight ( 1 9 8 9 ) ,  w h ich  w ere  d e te r m in e d  from  b a n d in g  r e t u r n s  u s i n g  t h e  
c o m p o s i te  dynam ic l i f e  t a b l e s  from  H ickey  (1 9 5 2 ) .  T hese  v a l u e s  a r e :
So = ^ 6 . 7% an d  S = 81.5% , and  a r e  t h e  maximum v a lu e s  fo u n d  c o v e r i n g  two 
t im e  p e r i o d s  from  t h e  New J e r s e y  and  New York O sprey  p o p u l a t i o n s .  Be­
c a u s e  t h e s e  a r e  maximum s u r v i v a l  r a t e s ,  t h e  c a l c u l a t e d  r a t e  o f  d e c l i n e  
w i l l  be  m in im a l .
Egg volum e was c a l c u l a t e d  u s i n g  t h e  f o rm u la :
Volume ( c c )  = 0.U8 x  L e n g th  (cm) x B r e a d th  (_cm) + 3 .6 9  
(Wiemeyer p e r s . comm.). C a l c u l a t e d  volume a p p ro x im a te d  t h e  m e a s u re d  
v a l u e  o f  t h r e e  e g g s h e l l s  w h ic h  w ere  f i l l e d  w i t h  w a t e r  a n d 'e m p t i e d  i n t o  
a  g r a d u a t e d  c y l i n d e r .
R a t c l i f f e 4s (1 9 6 7 ) e g g s h e l l  t h i c k n e s s  i n d e x  was c a l c u l a t e d  by  d i v i ­
d in g  t h e  w e ig h t  (g )  o f  t h e  c l e a n e d  e g g s h e l l  and  i t s  membranes by  t h e  
p r o d u c t  o f  t h e  l e n g t h  (mm) t im e s  t h e  b r e a d t h  (mm).
Egg C o l l e c t i o n
Eggs w ere  c o l l e c t e d  when t h e y  w ere  fo u n d  t o  b e  c r a c k e d ,  d e n t e d ,  
p i e r c e d ,  o r  a d d l e d ,  o r  when t h e y  w ere  known t o  be  i n  t h e  n e s t  f i v e  days  
l o n g e r  t h a n  t h e  n o rm a l  i n c u b a t i o n  p e r i o d  o f  35 t o  37 days  ( .S p i t z e r  p e r s .  
comm., Kennedy p e r s .  o b s e r v . ) .  T hese  eggs  w ere  t h e n  p l a c e d  i n  egg  c a r t o n s  
a nd  r e t u r n e d  t o  t h e  D e p a r tm en t  o f  B io lo g y  a t  t h e  C o l l e g e  o f  W il l i a m  and  
M ary , w here  t h e i r  l e n g t h  and  b r e a d t h  w ere  m e a su re d  t o  t h e  n e a r e s t  .0 1  cm. 
Eggs w ere  opened  by  c u t t i n g  them  i n  h a l f  w i t h  a  s m a l l ,  h i g h - s p e e d ,  han d  
d r i l l  (T ra d e  name, Dremel M o to - T o o l ) ,  u s in g  a  r e v e l a t i o n  b u r .  The con­
t e n t s  w ere  s a v e d  f o r  f u t u r e  p e s t i c i d e  a n a l y s i s .  E g g s h e l l s  w ere  w e ig h ed
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t o  t h e  n e a r e s t  .0 1  g .  C om pensa t ion  f o r  l o s s  o f  s h e l l  and  membrane w e ig h t  
i n  t h e  o p e n in g  p r o c e d u r e  was made by  a d d in g  0 .1  g t o  t h e  a c t u a l  w e ig h t  o f  
t h e  egg ( 0 . 1  g was fo u n d  t o  b e  t h e  a v e ra g e  l o s s  o f  w e ig h t  b e tw e e n  f o u r  
e ggs  t h a t  w ere  w e ig h e d  b e f o r e  and  a f t e r  o p e n in g ) .  S h e l l  and  membrane 
t h i c k n e s s  was m e a su re d  t o  t h e  n e a r e s t  .0 1  mm i n  t h e  m anner d e s c r i b e d  by  
P o r t e r  an d  W iemeyer ( 1 9 6 9 ) .  The m ic r o m e te r  u s e d  had  a  s p e c i a l l y  a d a p te d  
b a l l  b e a r i n g  f i t t e d  t o  i t  i n  o r d e r  t o  m easu re  t h i c k n e s s  a c c u r a t e l y ,  w i t h ­
o u t  p o s s i b l e  i n t e r f e r e n c e  r e s u l t i n g  from  t h e  s h e l l  c u r v a t u r e .
M a n ip u l a t i o n  Ex p e r im e n t
Seven f u l l  c l u t c h e s  w ere  c o l l e c t e d  from  t h r e e  s tu d y  a r e a s  on A p r i l  
10 and 1 1 ,  1971 , and  d iv id e d -  i n t o  tw o g r o u p s .  T h re e  c l u t c h e s  w ere  t a k e n  
f rom  n e s t s  i n  New P o i n t  C om fort f rom  w hich  eggs h a t c h e d  i n  1970 . I t  was 
hop ed  -chat eggs from  t h e s e  n e s t s  w ould  h a t c h  i n  1971- T h i s  g ro u p  was 
Group I ,  t h e  c o n t r o l .  Two c l u t c h e s  w ere  t a k e n  f rom  two n e s t s  from  each  
o f  t h e  o t h e r  two s tu d y  a r e a s ,  t h e  James and  York .R i v e r s .  Eggs from  t h e s e  
n e s t s  d i d  n o t  h a t c h  i n  1970 . I n  f a c t ,  t h e  eggs d i s s a p p e a r e d  from  t h e  
n e s t s  b e f o r e  t h e  c o m p le t io n  o f  t h e  i n c u b a t i o n  p e r i o d  i n  1 9 7 0 ,  p o s s i b l y  
due t o  b r e a k a g e  o r  p r e d a t i o n .  T hese  w ere  t h e  e x p e r i m e n t a l  e g g s ,  Group
I I .  B ecause  t h e  a d u l t s  from  t h e s e  n e s t s  w ere  n e t  c o l o r  b a n d e d ,  i t  was 
assum ed  t h a t  t h e  same p a i r s  o c c u p ie d  t h e  same n e s t s  e a c h  y e a r .  The e x p e r ­
im e n t  was t h u s  d e s ig n e d  t o  d e te r m in e  i f  t h e  Group I I  eggs w ou ld  h a t c h ,  
i f  t h e  f a c t o r s  o f  p r e d a t i o n  and  b r e a k a g e  w ere  e l i m i n a t e d .
A s e c o n d  p h a s e  o f  t h i s  e x p e r im e n t  was t o  d e te r m in e  i f  t h e  a d u l t s ,  
whose eggs w ere  rem oved , w ou ld  r e l a y  a  se c o n d  c l u t c h  o f  e g g s .  I f  eggs  
w ere  r e l a i d ,  c l u t c h  s i z e  and  f e r t i l i t y  w ould  be  com pared  t o  t h a t  o f  t h e  
f i r s t  c l u t c h .
A c a r r y i n g  c a s e  f o r  t r a n s p o r t a t i o n  o f  e x p e r i m e n t a l  eggs  f rom  t h e
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n e s t s  t o  a  p r e h e a t e d  i n c u b a t o r  a t  t h e  D e p a r tm en t  o f  B io lo g y  was d e s ig n e d  
a f t e r  t h o s e  u s e d  by  t h e  P a t u x e n t  W i l d l i f e  R e s e a rc h  C e n te r  ( s e e  F i g u r e  3 ) .
I t  was made o f  a  foam r u b b e r - l i n e d  s u i t c a s e ,  w i t h  h o l e s  t h e  s i z e  o f  
O sprey  eggs  made i n  t h e  ru bbez '.  A h e a t  s o u r c e  o f  two h o t  w a te r  b o t t l e s  
was p r o v i d e d ,  and  an i n t e r n a l  t e m p e r a t u r e  o f  a p p r o x im a te ly  98°  t o  100°  F . 
was m a i n t a i n e d  by e i t h e r  o p e n in g  t h e  c a s e  t o  r e d u c e  h e a t ,  o r  r e f i l l i n g  
t h e  h o t  w a t e r  b o t t l e s  t o  i n c r e a s e  h e a t .  The c a s e  c o u ld  c a r r y  a s  many as  
f i v e  t h r e e - e g g  c l u t c h e s .
The t im e  b e tw e en  t h e  c o l l e c t i o n  o f  t h e  eggs  and  t h e i r  p la c e m e n t  i n  
t h e  i n c u b a t o r  n e v e r  e x c e e d e d  f o u r  h o u r s .  The i n c u b a t o r  (.see F i g u r e  M  
u s e d  was a  F a v o r i t e  E l e c t r i c  C a b in e t  I n c u b a t o r ,  b u i l t  by  t h e  Leahy Manu­
f a c t u r i n g  Company. C i r c u l a t e d  a i r  t e m p e r a t u r e  t h r o u g h o u t  t h e  i n c u b a t o r  
was m a i n t a i n e d  a t  a  mean o f  99°  t o  100°  F. B ecause  t h e  e x a c t  d a t e  o f  
egg  l a y i n g  was n o t  known f o r  any o f  t h e  c l u t c h e s ,  t h e  h u m id i ty  was k e p t  
h i g h ,  a t  a p p r o x i m a t e ly  68 t o  73 p e r  c e n t .  Eggs w ere  t u r n e d  by  hand 1 8 0 ° ,  
t h r e e  t im e s  d a i l y ,  a t  J : 0 0  AM, 3 :0 0  PM, and  1 0 :0 0  PM. V e n t i l a t i o n  h o l e s  
i n  t h e  i n c u b a t o r  w ere  opened  o n e - f o u r t h ,  t e n  days  b e f o r e  t h e  f i r s t  egg 
was e x p e c t e d  t o  h a t c h .
Two o f  t h e  c o n t r o l  e g g s ,  upon p i p p i n g  i n  t h e  i n c u b a t o r ,  w ere  i n t r o ­
d u ced  i n t o  an a c t i v e  n e s t  i n  t h e  York R i v e r .  The eggs  a l r e a d y  p r e s e n t  i n  
t h i s  n e s t  w ere  c o l l e c t e d ,  and  p l a c e d  i n  t h e  i n c u b a t o r  t o  c o m p le te  t h e i r  
i n c u b a t i o n  p e r i o d .
Upon h a t c h i n g ,  young w ere  a l lo w e d  t o  d ry  i n  t h e  i n c u b a t o r  f o r  s e v e r a l  
h o u r s ,  and  t h e n  w ere  t r a n s f e r r e d  t o  a . s i m u l a t e d  O sp rey  n e s t  i n  an e n v i r ­
o n m e n ta l  g ro w th  cham ber ( s e e  F i g u r e  5)» i n  w h ich  t h e  h u m id i ty  was 50 p e r  
c e n t  and  t h e  t e m p e r a t u r e  was 9 2 °  F .  As t h e  young a g e d ,  t h e  t e m p e r a t u r e  
was lo w e re d  a p p r o x i m a t e ly  t h r e e  d e g re e s  e v e ry  tw o d a y s .  A f t e r  t e n  d a y s .
Figure 3. Carrying Case used in manipulation
experiment to transport Osprey eggs.
Figure h. Placement of three clutches of Osprey eggs 
(control group) in the incubator.
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Figure .5. Young Ospreys, ages three days (upper) and 
eight days (lover) in simulated nest in an 
environmental growth chamber.
t h e  t e m p e r a t u r e  was d ro p p ed  t o  75°  F . ,  w i th  no  a p p a r e n t  d i s c o m f o r t  t o  
t h e  y o ung .
At two days o f  a g e ,  t h e  young w ere  f e d  s m a l l  ( p e a - s i z e )  p i e c e s  o f  
chopped  minnows and  chopped  f i l l e t s  o f  f i s h  w h ich  h a d  b e e n  d ip p e d  i n t o  
co d  l i v e r  o i l .  At f i r s t ,  t h e  young w ere  r e l u c t a n t  t o  e a t ,  b u t  by  o p e n in g  
t h e i r  m ouths  and  i n t r o d u c i n g  t h e  f i s h ,  t h e y  soon  s n a p p e d  a t  a n y th i n g  
o f f e r e d .  A s i m u l a t e d  O s p r e y - ty p e  w h i s t l e  was u s e d  t o  i n i t i a t e  t h e  
f e e d i n g  r e s p o n s e .  The young  w ere  f e d  f o u r  t im e s  d a i l y ,  a t  8 :0 0  AM,
1 2 :0 0  n o o n ,  U:00 PM, and  8 :0 0  PM.
As soon  a s  t h e r e  was no d a n g e r  o f  t h e  young d y in g  from, h a n d l i n g ,  
t h e y  w ere  w e ig h e d  ( s e e  F i g u r e  6) t o  t h e  n e a r e s t  0 . 1  g ram , im m e d ia te ly  
p r i o r  t o  t h e  noon f e e d i n g .  A f t e r  t h e  young had  grown s u b s t a n t i a l l y  
( a p p r o x i m a te l y  tw o  weeks o l d ) ,  t h e y  w ere  i n t r o d u c e d  i n t o  a c t i v e  n e s t s  i n  
t h e  York R i v e r .
A n o th e r  t y p e  o f  m a n i p u l a t i o n  e x p e r im e n t  was a l s o  a t t e m p t e d . '  To 
m ax im ize  f l e d g i n g ,  one young was t a k e n  from e a c h  o f  f o u r  n e s t s  i n  w h ic h  
t h r e e  young h a d  h a t c h e d ,  and  was i n t r o d u c e d ,  i n  e a c h  c a s e ,  i n t o  a n o t h e r  
n e s t  i n  w h ich  o n ly  one young o r  saddled eggs  w ere  p r e s e n t .  I n  t h e s e  
c a s e s ,  t h e  age o f  t h e  i n t r o d u c e d  young was a lw ays  m a tc h e d  w i t h  t h a t  o f  
t h e  young a l r e a d y  p r e s e n t  i n  t h e  n e s t .
N e s t in g  P I a t f o r m s
The p u r p o s e  o f  c o n s t r u c t i n g  a r t i f i c i a l  n e s t i n g  s t r u c t u r e s  f o r  
O sp rey s  i s  t o  a t t r a c t  n e s t i n g  b i r d s  t o  an i s o l a t e d  a r e a  and  t o  a  s t r u c ­
t u r e  w h ich  i s  v i r t u a l l y  mammalian - p r e d a t o r - p r o o f .  They a r e  a l s o  p r o ­
v i d e d  t o  r e p l a c e  n a t u r a l  n e s t i n g  s i t e s  w h ich  have  b e e n  d e s t r o y e d  o r  t h a t  
a r e  e x t r e m e ly  v u l n e r a b l e  t o  w e a th e r  and  t i d a l  c o n d i t i o n s  (g ro u n d  n e s t s ) .  
.Ames and M e rs e re a u  (1961+) and  P e t e r s o n  ( 1969a )  d e s c r i b e  21 n e s t i n g  p l a t -
Figure 6. Ten day old Osprey being weighed.
fo rm s t h e y  c o n s t r u c t e d  on G re a t  I s l a n d ,  i n  C o n n e c t i c u t .  P o s t u p a l s k y  
(1966)  d e s c r i b e s  c e d a r  p l a t f o r m s  i n  M ic h ig a n ,  w h i l e  V a l e n t i n e  ( 1 9 6 7 ) 
d e s c r i b e s  a  v e r y  e l a b o r a t e  t y p e  o f  p l a t f o r m ,  a l s o  u t i l i z e d  i n  M ic h ig a n .  
R eese  (1970) h a s  c o n s t r u c t e d  133 p l a t f o r m s  i n  M a ry la n d ,  d u r in g  t h e  
p e r i o d  1963 t o  1969s a l l  o f  w h ich  w ere  made from  s c r a p  wood. A l l  o f  
t h e s e  s t r u c t u r e s  have  p ro v e n  v e r y  s u c c e s s f u l  i n  a t t r a c t i n g  O s p re y s .
Aluminum, p o l e s ,  15 f e e t  l o n g  and  5 i n c h e s  w id e ,  w i t h  c o n s t r u c t i o n  
s i m i l a r  t o  a  " t i c k - t a c k - t o e "  b o a r d  ( s e e  F i g u r e  7 ) ,  w ere  u s e d  as  b a s e s  
f o r  a r t i f i c i a l  O sp rey  n e s t i n g  p l a t f o r m s  i n  V i r g i n i a .  These  p o l e s ,  
o b t a i n e d  f rom  Navy s u r p l u s ,  w ere  m ounted  w i t h  30 i n c h  lo n g  aluminum 
p r o n g s ,  p l a c e d  a t  90 d e g re e  i n t e r v a l s  a ro u n d  t h e  p o l e s .  The h o r i z o n t a l  
a n g le  o f  e a c h  p ro n g  was s e t  a t  U0 d e g r e e s .  The p ro n g s  w ere  s u p p o r t e d  by 
an aluminum b r a c e ,  15 i n c h e s  l o n g .  L in e d  w i t h  c h ic k e n  w i r e ,  t h i s  s t r u c ­
t u r e  r e s e m b le d  a b a s k e t .  A f t e r  c h o o s in g  a  p l a t f o r m  l o c a t i o n ,  a  t h r e e  t o  
f o u r  f o o t  deep  h o l e  was dug u s i n g  a  p o s t  h o l e  d i g g e r .  The p r e c o n s t r u c t e d  
p l a t f o r m  was t h e n  e a s e d  i n t o  t h e  h o l e ,  and  t h e  h o l e  was f i l l e d  w i t h  o n e -  
h a l f  b a g  o f  c e m e n t ,  m ixed  w i t h  s a n d ,  o y s t e r  s h e l l s ,  and  s a l t  w a t e r .  
I n c l u d i n g  t h e  f o u r - p r o n g e d  b a s k e t ,  t h e  i n s t a l l e d  h e i g h t  o f  t h e  p l a t f o r m  
a v e ra g e d  13 f e e t .  B e fo re  i n s t a l l a t i o n ,  n e s t i n g  m a t e r i a l  was woven i n t o  
t h e  c h ic k e n  w i r e  b a s k e t ,  h o p e f u l l y  t o  e n c o u ra g e  th e  p l a t f o r m ’ s u s e .
A re a s  w here  p l a t f o r m s  w ere  l o c a t e d  i n c l u d e d  h ig h  p o i n t s  n e a r  w a t e r ,  i n  
open  m a r s h la n d  an d  i n  p e n i n s u l a s  o f  open  l a n d ,  and on s h o r e l i n e s  ( s e e  
F i g u r e  8 ) .  I n  a l l  a r e a s  w here  t h e  p l a t f o r m s  w ere  s e t  u p ,  p e r m i s s i o n  was 
g r a n t e d  by t h e  owner o f  t h e  p r o p e r t y .
B anding
S iz e  8 ,  c l i p - o n  F i s h  and  W i l d l i f e  S e r v i c e  aluminum b a n d s ,  w i t h  p r e f i x  
6 0 8 ,  w ere  o b t a i n e d ,  a lo n g  w i t h  a b a n d in g  p e r m i t ,  f rom  t h e  B i rd -B a n d in g
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Figure 7. Diagram of aluminum nesting platform.
Figure 8.
‘Hi
Occupied aluminum nesting platform located 
in a high, open area near water, on the 
island of New Point Comfort.
O f f i c e  a t  P a t u x e n t  W i l d l i f e  R e s e a rc h  C e n t e r ,  L a u r e l ,  M a ry la n d .  C l i p - o n  
b a n d s  w ere  c h o se n  o v e r  b u t t - e n d  b a n d s  f o r  t h e i r  s u p e r i o r i t y  o f  r e t e n t i o n  
on b i r d s  o f  p r e y  ( B e rg e r  and  M u e l l e r  i 9 6 0 ) .  P l a s t i c ,  w r a p - a r o u n d ,  c o l o r -  
f a s t  b a n d s ,  r e p r e s e n t i n g  s i x  c o l o r s  ( r e d ,  y e l l o w ,  b l u e ,  w h i t e ,  l i g h t  and 
d a r k  g r e e n )  w ere  p u r c h a s e d  from  Mr. I .  D en iso n  o f  B e lm o n t ,  County  Durham, 
E n g la n d .  T h ese  b a n d s  w ere  u s e d  t o  b a n d  t h e  1970 n e s t l i n g s .  B la c k  c o l o r  
b a n d s  w ere  a d d ed  i n  1971* P o s s i b l e  c o m b in a t io n s  u s i n g  two c o l o r  bands  
and  t h e  a lum inum  F i s h  and  W i l d l i f e  b a n d ,  w i t h  no more t h a n  two bands  p e r  
l e g ,  w ere  fo u n d  t o  g iv e  288 c o m b in a t io n s .  T h is  a l lo w e d  f o r  a  d i s t i n c t  
c o l o r  c o m b in a t io n  f o r  e a c h  b i r d  b an d ed  d u r in g  t h e  1970 and  1971 s e a s o n s .  
B e c a u se  t h e  com bined  h e i g h t  o f  two c o l o r  b a n d s  (30 mm) was o b s e rv e d  
e q u i v a l e n t  t o  t h e  l e n g t h  o f  t h e  t a r s o  m e t a t a r s u s ,  i t  was s u s p e c t e d  t h a t  
some i r r i t a t i o n  m ig h t  r e s u l t  i f  t h e  ban d s  w ere  n o t  r e d u c e d  i n  s i z e .  
T h e r e f o r e ,  t h e  1970 b a n d s  w ere  s a n d e d  down t o  10 mm, and  t h e  bands  
o r d e r e d  f o r  1971 w ere  made t h e  s m a l l e r  h e i g h t  ( s e e  F i g u r e  9 ) .
S t a t i s t i c a l  P r o c e d u r e
The s t u d e n t ’ s t - t e s t  f o r  u n p a i r e d  d a t a  was u s e d  t o  compare t h e  a v e ra g e  
c l u t c h  s i z e  (T a b le  ^ ) ,  a v e r a g e  young p e r  p r o d u c t i v e  n e s t  (T a b le  7 ) ,  p e r  
c e n t  h a t c h i n g  i n  t h e  m a n i p u l a t i o n  e x p e r im e n t  (T a b le  1 3 ) ,  t o t a l  number 
f l e d g i n g  p e r  p r o d u c t i v e  n e s t  and t o t a l  number f l e d g i n g  p e r  a c t i v e  n e s t  
( T a b le  9 ) ,  f o r  a r e a s  w h ich  w ere  c o v e re d  b o th  i n  1970 and  i n  1971 . D i f ­
f e r e n c e s  w ere  c o n s i d e r e d  s i g n i f i c a n t  a t  P ^ . 0 5 . A verage  c l u t c h  s i z e  
( T a b le  ^ )  and  a v e ra g e  young p e r  p r o d u c t i v e  n e s t  (T a b le  7 ) a r e  r e c o r d e d  
w i t h  +_ s t a n d a r d  e r r o r .  The d a t a  i n  T a b le  11 a r e  mean v a l u e s  w i t h  +_ 
s t a n d a r d  e r r o r .
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Figure 9- Fledgling Osprey, showing position of 
color bands.
RESULTS
S p r in g  A r r i v a l  o f  A d u l t s
I n  1 9 7 0 ,  t h e  f i r s t  V i r g i n i a  a d u l t  O sprey  s e e n  was a  m a le ,  i n  t h e  
York R i v e r ,  on t h e  2 8 th  o f  F e b r u a r y .  I n  1 9 7 1 ,  t h i s  same m ale  was f i r s t  
s e e n  on t h e  2 5 th  o f  F e b r u a r y ,  and  a g a i n ,  i t  was t h e  f i r s t  b i r d  s e e n  t h a t  
s e a s o n .  B en t  (3.937) r e p o r t e d  t h a t  t h e  e a r l i e s t  a r r i v a l  d a t e  f o r  a  
V i r g i n i a  O sp rey  was F e b r u a r y  1 7 t h ,  a t  Newport News. Though t h e s e  a r e  
t h e  e a r l i e s t  a r r i v a l  d a t e s ,  t h e  m a j o r i t y  o f  t h e  a d u l t s  a r r i v e d  b e tw e en  
t h e  8 t h  and  t h e  1 5 th  o f  M arch.
N e s ts
The t o t a l  number o f  a c t i v e  n e s t s  ( f rom  w h ich  d a t a  w ere  c o l l e c t e d )
an d  t h e i r  d i v i s i o n  i n t o  t h e  f i v e  c a t e g o r i e s  m e n t io n e d  e a r l i e r  i s
sum m arized  i n  T a b le  1 .  The i n c r e a s e  i n  n e s t s  f rom  1970 t o  1971 i s
q u i t e  s u b s t a n t i a l  i n  t h e  Rappahannock  R i v e r ,  York R i v e r ,  F l e e t s  Bay ,
an d  i n  t h e  t o t a l  f o r  t h e  w ho le  s t a t e .  However, a s  a l r e a d y  m e n t io n e d ,
t h i s  was due t o  t h e  im proved  m ethods  o f  s u r v e i l l a n c e  and  t h e  i n c r e a s e  o f
a r e a  c o v e r e d ,  and  n o t  due t o  an o b s e r v e d  p o p u l a t i o n  r i s e .  I n a c c e s s i b l e
n e s t s ,  fo rm in g  a  l a r g e  p e r c e n t a g e  o f  c a t e g o r i e s  1 ,  3 ,  and 5 ,  were
i n c l u d e d  i n  t h e  t o t a l  young  p r o d u c t i o n  f i g u r e s  i n  T a b le  9 ,  b e c a u s e  t h e
a u th o r  f e l t  t h a t ,  i f  o m i t t e d ,  one m ig h t  be  m i s l e a d  a s  t o  t h e  p r e c i s e
s t a t u s  o f  e a c h  a r e a .  F o r  e x a m p le ,  i n  19 7 1 ,  c o m p a r in g  t h e  t o t a l  o f
Column 1 (T a b le  l )  t o  t h o s e  o f  Columns 3 and  5 ,  one can  s e e  t h a t  126
n e s t s  w ere  i n a c c e s s i b l e ,  and  d i d  n o t  p ro d u c e  young  (Column l ) .  A t o t a l
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n o n p r o d u c t iv e  t o  p r o d u c t i v e  n e s t s  i s  2 : 1 .  Columns 2 and  ^ l i s t  
a c c e s s i b l e  n e s t s ,  and  t h e i r  r a t i o  i s  a p p r o x im a te ly  1 : 1 .  T h e r e f o r e ,  
e x c lu d i n g  t h e  i n a c c e s s i b l e  n e s t s ,  i t  w ould  a p p e a r  t h a t  50 p e r  c e n t  o f  
t h e  n e s t s  p ro d u c e d  y o u n g ,  when a c t u a l l y  o n ly  h2 p e r  c e n t  (T a b le  9) o f  
t h e  n e s t s  w ere  p r o d u c t i v e .  The h ig h  num bers i n  Column 3 ,  r e l a t i v e  t o  
Column J+, f o r  t h e  York R i v e r ,  R appahannock R i v e r ,  F l e e t s  B ay , and  t h e  
E a s t e r n  S h o r e ,  r e f l e c t  t h e  l a t e n e s s  o f  t h e  s u r v e y s  made i n  t h e  1970 
s e a s o n .  I n  a l l  i n s t a n c e s ,  t h e  a r e a s  w ere  n o t  c o v e re d  u n t i l  Ju n e  1 s t ,  o r  
l a t e r .  T h u s ,  v i a b l e  e ggs  w ere  a l r e a d y  h a t c h e d ,  and  c l u t c h  s i z e  c o u ld  
n o t  be d e te r m in e d .
The a p p ro x im a te  s q u a r e  n a u t i c a l  m i le a g e  and  n e s t  d e n s i t y  f o r  100 
s q u a r e  m i l e s  i n  e a c h  s tu d y  a r e a ,  i n  1 9 7 1 ,  i s  r e p o r t e d  i n  T a b le  2 .  The 
James R i v e r ,  w i t h  a  n e s t  d e n s i t y  o f  3 .7 5  i s  c o n s p ic u o u s ly  b e lo w  t h e  
norm f o r  t h e  s t a t e ,  w h ich  i s  3 2 .7 5 .  The h i g h e s t  n e s t  d e n s i t y ,  9 5 .7 ^  
n e s t s  p e r  100 s q u a re  m i l e s ,  was fou n d  i n  New P o i n t  C o m fo rt .  Though t h e  
Ocean a r e a ,  a s  a  w h o le ,  h a d  a  v e r y  low n e s t  d e n s i t y ,  t h e r e  was a  
r e l a t i v e l y  l a r g e  p o p u l a t i o n  on Mockhorn I s l a n d ,  fo u n d  i n  t h i s  a r e a .  On 
t h i s  i s l a n d ,  s u i t a b l e  n e s t i n g  h a b i t a t  o c c u r s  i n  n a r ro w  p a t c h e s  f o r  a  
d i s t a n c e  o f  s i x  m i l e s .  I n  1 9 7 1 ,  22 p a i r  o f  O sprey  n e s t e d  h e r e .  A n o th e r  
a r e a  o f  h ig h  O sprey  d e n s i t y  was R o s e g i l l  L a k e ,  a  s m a l l  pond ( l e s s  t h a n  
0 ,5  s q .  m i l e s )  i n  t h e  R appahannock  R i v e r  a r e a ,  w h ich  s u p p o r t e d  11 a c t i v e  
n e s t s .  More t y p i c a l  o f  t h e  r e m a in in g  a r e a s  was t h e  e v en  d i s t r i b u t i o n  o f  
t h e  s p e c i e s .
The v a r i o u s  t y p e s  o f  s t r u c t u r e s  on w h ich  O sp rey s  b u i l d  t h e i r  n e s t s  
can  be  fo u n d  i n  T a b le s  3a  and  3b ,  arid i n  A ppend ix  T a b le  2 .  These
s t r u c t u r e s  can  be  d i v i d e d  i n t o  two t y p e s  N a t u r a l ,  c o n s i s t i n g  o f  dead
s n a g s ,  l i v e  p i n e s ,  b a l d  c y p r e s s ,  and  l i v e  hardw ood t r e e s  (T a b le  3 a ) ,
TABLE 2 
OSPREY NEST DENSITY, 1971
A re a
A pprox im a te  
S q u a re  M ile s  
( N a u t i c a l )
N e s t  D e n s i ty  
N e s t /1 0 0  s q .  m i l e s
u • R • 160 3 .7 5
C.R. 29 37
Y.R. 91 3 0 .7 6
M.B. 72 2 3 .6 1
N .P .C . v r 9 5 .7 ^
R .R . 170 5 1 .7 6 *
F .B . 1+2 6 9 .OI+.
Ocean 360 . 1 6 . 11*
Bay 11 6 6 2 .9 3 *
T o t a l 1 ,0 8 7 32 .7 5
* V a lu e s a d j u s t e d  t o  i n c l u d e  a l l  n e s t s . See A ppend ix  T a b le  1 .
3h
TABLE 3a




L iv e  P in e s  
P . v i r g i n i a n a  
P. t a e d a
B a ld  C y p re ss
Taxodium
d i s t i c h n m
L iv e  T re e s  
Q uereus  s p . 
L i r i o d e n d r o n  
P I a t a n u s  s p .
s p .
T o t a l
J . R . 70 0 0 2 0 2
71 0 0 5 0 5
C.R . 70 _ — _ _
71 0 0 12 0 12
Y.R. 70 0 0 0 0 0
71 5 0 0 0 5
M.B. 70 9 0 0 0 9
71 5 0 0 0 5
N.P .C . 70 15 1+ 0 1 20
71 7 6 0 0 13
R.R . 70 15 10 0 1 26
71 15 17 0 2 3b
F .B . 70 10 2 0 1 13
71 9 k 0 1 il l
Ocean 70 22 2 0 1 25
71 25 1 0 1 27
Bay 70 — — _ — ■ ~  •
71 26 k 0 2 . 32
% o f  1T o t a l
70 3 6 .6 9 .3 1 .0 2 . 1 1*9.0
71 2 9 .8 10 .  k 5 .5 1 .9 1*7.6
TABLE 3b







L ig h t
Duck
B l in d s O th e rs * T o t a l
J .R . 70 1 0 0 0 1
71 1 0 0 0 1
C.R. 70
71 0 0 0 0 0
Y.R. 70 1 3 3 b 11
71 3 7 8 5 23
M.B. 70 2 2 1 1 6
71 7 b 0 1 12
N .P .C . 70 7 11 6 6 30
71 7 11 b 10 32
R .R . 70 6 11 8 6 31
71 8 13 l b 8 b3
F .B . 70 0 3 1 0 b
71 2 b 9 0 15
Ocean 70 0 3 2 11 16
71 0 1 0 18 19
Bay 70 _
71 1 6 b 6 17
% o f  T o t a l
70 8 . 8  1 7 .0  1 0 .8  i b . b  5 1 .0
71 9 . b  l b . 9 1 2 .6  1 5 .5  5 2 . k
*See A ppend ix  T a b le  2 f p r  C l a s s i f i c a t i o n  o f  " O th e r "  Man-Made N e s t in g  
S t r u c t u r e s .
m aking  up h9 p e r  c e n t  o f  t h e  t o t a l  i n  1970 and  b j .6  p e r  c e n t  i n  1971 ; 
and  Man-made, c o n s i s t i n g  o f  a  m y r ia d  o f  d i v e r s e  s t r u c t u r e s  (T a b le  3b 
and  A ppend ix  T a b le  2 ) ,  m aking  up 51 p e r  c e n t  o f  t h e  t o t a l  i n  1970 and 
5 2 . b p e r  c e n t  i n  1971* By f a r ,  t h e  m ost p r e d o m in a n t  t y p e  o f  s t r u c t u r e  
u s e d  was t h e  d e a d  s n a g  ( s e e  F i g u r e  1 0 ) ,  w h ich  was t h e  s i t e  o f  o n e - t h i r d  
o f  aJ.1 t h e  n e s t s .  The c o m p o s i t i o n  o f  t h e  snagg  was d i f f i c u l t  t o  a s c e r ­
t a i n ,  b u t  V i r g i n i a  P in e  (P in u s  v i r g i n i a n a ) , L o b l o l l y  P in e  (P-in u s  t a e d a ) ,  
L iv e  Oak ( Q uercus  v i r g i n i a n a ) ,  o t h e r  Oaks ( Q uercus  s p . ) ,  and  Red C edar  
( J u n i p e r u s  v i r g i n i a n a ). c o u ld  be r e c o g n i z e d .  The r e m a in in g  n a t u r a l  n e s t  
s i t e s  c o n s i s t e d  o f  V i r g i n i a  P i n e ,  L o b l o l l y  P i n e ,  B a ld  C y p re s s  (Taxodium 
d i s t i c h u r n ) , o t h e r  O aks . T u l ip  T re e s  ( L i r i o d e n d r o n  t u l i p i f e r a ) ,  arid 
Sycam ores (P l a t a n u s  o c c i d e n t a l i s ) .  R e s t i n g  s t r u c t u r e s  l o c a t e d  o v e r  
w a t e r  made up t h e  l a r g e s t  p e r c e n t a g e  o f  man-made s t r u c t u r e s  u s e d .  These  
s t r u c t u r e s  i n c l u d e  b o t h  l i g h t e d  and  day  {nee dF ig u re ' l l . )  c h a n n e l  m a r k e r s , 
and  duck b l i n d s  ,
Eggs
The a p p ro x im a te  d a t e s  o f  t h e  f i r s t  egg  l a i d  p e r  n e s t  d u r in g  t h e  
1970 and  1971 b r e e d i n g  s e a s o n s  a r e  r e p r e s e n t e d  i n  F i g u r e s  12 and 13 . 
T hese  d a t e s  w ere  e s t a b l i s h e d  by  f i e l d  o b s e r v a t i o n  o f  c l u t c h e s  a t  v a r i o u s  
s t a g e s  d u r in g  t h e  l a y i n g  p e r i o d ,  o r  by  t h e  age o f  t h e  young  i n  t h e  n e s t .  
F o r  e x a m p le ,  i f  one egg  was o b s e rv e d  i n  t h e  n e s t  d u r i n g  t h e  f i r s t  s u rv e y  
and  t h e  n e s t  was l a t e r  known t o  c o n t a i n  2 ,  3 ,  o r  b e g g s ,  t h e n  one day 
was s u b t r a c t e d  from  t h e  f i r s t  o b s e r v a t i o n  d a t e ,  t h e r e b y  g i v i n g  t h e  
a p p ro x im a te  d a t e  o f  t h e  l a y i n g  o f  t h e  f i r s t  e g g .  I f  two o r  t h r e e  eggs 
w ere  p r e s e n t  i n i t i a l l y ,  and  l a t e r  more w ere  o b s e r v e d ,  t h e n  t h r e e  o r  f i v e  
days w ere  s u b t r a c t e d .  T h is  a l lo w e d  tw o days b e tw e en  l a y i n g ,  w h ich  i s  
t h o u g h t  t o  be  t h e  f r e q u e n c y  o f  l a y i n g .  I f  young  w ere  p r e s e n t ,  t h e i r  age
Figure 10. Osprey nest located on a dead snag 
at New Point Comfort.
(Courtesy Dick Bushnell, photo)
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Figure 11. Osprey nest located on a lighted channel marker
at New Point Comfort.
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was a p p r o x im a te d ,  and  t h i s  v a l u e  was added  t o  t h e  i n c u b a t i o n  p e r i o d  o f  
35 days  ( S p i t z e r  p e r s . com m .), and  t h e n  s u b t r a c t e d  from  t h e  d a t e  on 
w h ich  t h e  young w ere  f i r s t  s e e n .  I n  1 9 7 0 ,  th o u g h  t h e  f i r s t  egg  l a i d  was 
i n  M arch , t h e  m a jo r  l a y i n g  p e r i o d  e x te n d e d  from  A p r i l  3 t o  A p r i l  2 7 ,  
w i t h  an a p p a r e n t  p e a k  on t h e  19 t h  o r  2 0 th .  D u r in g  1 9 7 1 5 t h e  m a jo r  
l a y i n g  p e r i o d  we,s more d i s p e r s e d ,  e x t e n d i n g  f rom  A p r i l  3 t o  May 1 .  The 
h i g h e s t  p e a k  f o r  1971 v a s  r e a c h e d  on A p r i l  11 .
C lu t c h  s i z e  d a t a  a r e  p r e s e n t e d  i n  T a b le  The t o t a l  a v e ra g e  c l u t c h  
s i z e  was a lm o s t  i d e n t i c a l  f o r  1970 and  1 9 7 1 9 b e i n g  2 .8 7  and  2 .8 5  r e s p e c ­
t i v e l y .  W i th in  e a c h  a r e a ,  t h e  v a l u e s  f l u c t u a t e d  somewhat m o re ,  b u t  t h e  
d i f f e r e n c e s  w ere  n o t  fo u n d  t o  be  s i g n i f i c a n t .  The p e r c e n t a g e s  o f  2 - ,  3 - ,  
and  k -  egg  ( s e e  F i g u r e  I k )  c l u t c h e s  a r e  fo u n d  i n  T a b le  5* As w i t h  t h e  
a v e ra g e  c l u t c h  s i z e ,  t h e  t o t a l  p e r c e n t a g e s  a r e  a lm o s t  i d e n t i c a l  from  1970
t o  1971 .
C auses  o f  egg  l o s s  a r e  r e p o r t e d  i n  T a b le  6 . D i s a p p e a r a n c e  o f  eggs  
b e tw e en  s u r v e y s  i n d i c a t e s  t h e  g r e a t e s t  l o s s ,  58 p e r  c e n t ,  f o r  b o th  1970  
and  1971 . I t  c an  o n ly  be  s p e c u l a t e d  a s  t o  w hat h a p p e n e d  t o  t h e s e  e g g s ,  
b u t  v e r y  p r o b a b l y ,  t h e y  b ro k e  u n d e r  t h e  w e ig h t  o f  t h e  i n c u b a t i n g  f e m a le ,  
o r  by  t h e  com bined  w e ig h t  o f  t h e  fe m a le  and t h e  i n t e r n a l  p r e s s u r e  b u i l t  
up by a  d e c a y in g  egg  o r  em bryo. Eggs c l a s s i f i e d  as  "Eggs C o l l e c t e d "  
a c c o u n t  f o r  a  c o n s i d e r a b l e  l o s s  o f  eggs  ( r e a s o n s  f o r  c o l l e c t i o n  have  
a l r e a d y  b e e n  d i s c u s s e d ) .  "Eggs C o l l e c t e d  f o r  E x p e r im e n t"  w ere  f r e s h l y  
l a i d  eggs  u s e d  f o r  t h e  m a n i p u l a t i o n  e x p e r im e n t .  The num ber o f  eggs  fo u n d  
d e n t e d ,  b r o k e n ,  c r a c k e d ,  o r  w i t h  s m a l l  p i n  h o l e s  i n c r e a s e d  from  1970  t o  
1971 * from  t h r e e  p e r  c e n t  t o  s i x  p e r  c e n t .  Eggs fo u n d  d e n te d  w ere  
r e p o r t e d  o n ly  f o r  1971 . N e s t s  i n  w hich  d e n te d  eggs  w ere  fo u n d  r a n g e d  
f rom  open w a t e r  n e s t s  w i t h  d e e p ,  w e l l - l i n e d  c u p s ,  t o  a  p h o t o g r a p h i c  b l i n d
TABLE k
NUMBER OF ACTIVE OSPREY NESTS WITH KNOWN EGG PRODUCTION, 
INDICATING CLUTCH SIZE AND AVERAGE CLUTCH SIZE PER AREA, PER YEAR
No. o f  N e s t s  
P r o d u c in g  G iven 
No. o f  No. o f  Number o f  Eggs A verage
A re a  N e s t s  Eggs 2 3 1* C lu tc h  S iz e
J . R . ■ 70 0 0 0 0 0 0 .0
71 1* • 11 2 1 1 2 .7 5  + .1*8
Y.R. 70 5 ll* 2 2 1 2 . 8 0  + .3 7
71 18 52 5 10 3 2 .8 8  + .16
M.B. 70 2 6 0 2 0 3 .0 0  + .00
71 7 20 1 6 0 2 .8 6  .11*
N .P .C . 70 28 83 5 19 1* 2 . 9 6  + .11
71 28 83 6 17 5 2 . 9 6  + .12
R .R . 70 k 10 2 2 0 2 .5 0  + .29
71 33 9k 8 22 3 2 .8 5  + .10
F ,B . 70 2 6 0 2 Q 3 .QQ + .00
71 7 19 3 3 1 2 .7 1  + .29
Ocean 70 11 30 1* 6 1 2 .7 3  + .19
71 16 U6 1* 10 . 2 2 . 8 8 .+ .15
Bay 70 — _ _ _ _
71 7 17 1* 3 0 2.1*3 ±  .20
T o t a l  70 52 1.1*9 13 33 6 2 .8 7  + .08
71 120  31*2 33 72 15 2 .8 5  + .06
1*3
F i g u r e  l h .  T y p i c a l  ^ -e g g  c l u t c h  o f  O sprey
TABLE 5
PERCENTAGE OF NESTS PRODUCING GIVEN NUMBER OF EGGS AND YOUNG
A rea
% o f  N e s t s  P r o d u c in g  
G iven  No. o f  Eggs*
2 3 4
% o f  N e s t s  P r o d u c in g  
G iven  No. o f  Young** 
1 2  3
J .R . 70 - . - - 0 . 0 0 . 0 0 . 0
71 5 0 .0 2 5 .0 2 5 .0 0 . 0 0 . 0 0 . 0
C.R. 70 — — — — — —
71 - - - 5 0 .0 5 0 .0 0 . 0
Y.R. 70 4 0 .0 4 0 .0 2 0 .0 3 3 .3 6 6 .7 0 . 0
71 2 7 .8 5 5 .6 1 6 .7 3 3 .3 6 6 .7 0 . 0
M.B. 70 0 . 0 1 0 0 .0 0 . 0 0 . 0 1 0 0 .0 0 . 0
71 1 4 .3 8 5 .7 0 . 0 1 6 .7 6 6 .7 1 6 .7
N .P .C . 70 1 7 .9 6 7 .9 1 4 .3 9 .5 6 6 .7 2 3 .8
71 2 1 ,4 6 0 .7 1 7 .9 3 6 .4 2 7 .3 3 6 .4
R.R. 70 5 0 .0 5 0 .0 0 . 0 3 8 .2 3 5 .3 2 6 .5
71 2 4 .2 6 6 .7 9 .1 3 2 .4 4 1 .2 2 6 .5
F .B , 70 0 . 0 1 0 0 .0 0 . 0 2 0 . 0 6 0 .0 2 0 .0
71 4 2 .9 4 2 .9 1 4 .3 5 8 .3 2 5 .0 1 6 .7
Ocean 70 3 6 .4 5 4 .5 9 .1 4 2 .3 5 0 .0 7 .7
71 2 5 .0 6 2 .5 1 2 .5 5 5 .6 22 .2 2 2 .2
Bay 70 - - - - - -
71 5 7 .1 4 2 .9 0 . 0 5 0 .0 1 6 .7 3 3 .3
T o t a l 70 2 5 .0 63. 5 1 1 .5 3 0 .8 5 0 .5 1 8 .7
71 2 7 .5 6 0 .0 1 2 .5 3 9 .2 3 7 .3 2 3 .5
* R e fe r  t o  T a b le  4 f o r  Egg D a ta  
* * R e fe r  t o  T a b le  7 f o r  Young D a ta
TABLE 6
CAUSES OF OSPREY EGG AND YOUNG LOSS 1970-1971





D is s a p p e a r e d  b e t ­
ween Su rveys
62 (58 )* 18 (50) 139 (58) 17 (65)
Eggs C o l l e c t e d 30 (28) - 64 (27) -
Young Found Dead 
Unknown Cause
- 8 ( 22 ) - 5 (19)
Eggs Found D e n te d ,  
B ro k e n ,C ra c k e d  o r  
W ith  P i n  H ole
3 (3) — 15 ( 6 )
Eggs C o l l e c t e d  f o r  
E x p e r im e n t
- - 21 ( 8 ) -
P r e d a t i o n 9 (8 ) - - -
Wind 2 ( 2 ) 2 (5) 2 (1 ) -
H ea t - - - 1 (4)
T aken  by Humans - 1 (4) - -
S e n t  to  
C o n n e c t ic u t* *
- 5 (14) - 3 (12)
F e l l  from  N e s t  
and S ta rv e d
2 (6 )
T o t a l 106 ( 100 ) 36 (100) 241 (100) 26 (100 )
* Numbers i n  P a r e n t h e s e s  I n d i c a t e  P e r c e n t
**See P age  48
n e s t  i n  w h ich  no cup  was p r e s e n t ,  t h e  egg  b e i n g  e x p o sed  on t h e  b a r e  p l y ­
wood r o o f .  P r e d a t i o n ,  p r o b a b l y  by  hum ans , a c c o u n te d  f o r  t h e  l o s s  o f  
n i n e  eggs  i n  1970- N e s t s  b low n down by  w ind  a c c o u n te d  f o r  t h e  l o s s  o f  
tw o eggs  i n  1970 and  f o r  two eggs  i n  1971 . Ames and .M e rse re a u  (1964) 
r e p o r t  egg  l o s s  due t o  r a c c o o n s  and  o t h e r  l a n d  mammals, and  t o  h i g h  
t i d e s .  T hese  c a u s e s  o f  l o s s  w ere  n o t  o b s e r v e d  i n  t h e  V i r g i n i a  p o p u l a t i o n .  
Young
Numbers o f  young  p ro d u c e d  f o r  n e s t s  p r o d u c i n g  young (T a b le  7) 
r a n g e d  from  1 , 5 0  young  t o  2 .1 4  young p e r  p r o d u c t i v e  n e s t  d u r i n g  t h e  
1970 and  1971 s e a s o n s .  F o r  b o t h  y e a r s ,  t h e  a v e r a g e s  w ere  a lm o s t  
i d e n t i c a l  ( d i f f e r e n c e s  w ere  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ) .  T a b le  5 
r e p o r t s  on t h e  p e r c e n t a g e  o f  n e s t s  c o n t a i n i n g  e i t h e r  1 , 2 , o r  3 young .
I n  1 9 7 0 ,  p r o d u c t i v e  n e s t s  w i t h  two young  w ere  more a b u n d a n t  C50.5 p e r  
c e n t )  t h a n  p r o d u c t i v e  n e s t s  w i t h  one young ( 3 0 . 8  p e r  c e n t )  o r  t h r e e  
young ( 2 3 .5  p e r  c e n t ) .  I n  -1971s p r o d u c t i v e  n e s t s  w i t h  one y o u n g -w e re  
more a b u n d a n t  ( 39*2  p e r  c e n t )  t h a n  p r o d u c t i v e  n e s t s  w i t h  two young 
( 37*3 p e r  c e n t )  o r  t h r e e  young (2 3 .5  p e r  c e n t ) .
C auses  f o r  l o s s  o f  young  a r e  sum m arized  i n  T a b le  6 . I n  1 970 , a  
t o t a l  o f  36 young  w ere  l o s t ,  r e p r e s e n t i n g  a  m o r t a l i t y  r a t e  o f  l 6 . 1  p e r
c e n t .  Few er young w ere  l o s t  i n  1971 (2 6 ,  a t  1 0 .8  p e r  c e n t  m o r t a l i t y ) .
As i n  t h e  c a s e  o f  t h e  e g g s ,  t h e  g r e a t e s t  c a u s e  o f  young l o s s  (50 and  65 
p e r  c e n t )  was t h e i r  d i s a p p e a r a n c e  b e tw e e n  s u r v e y s .  I n  t h e s e  i n s t a n c e s ,  
no s i g n s  o f  t h e  young  w ere  l e f t  b e h in d .  Many young i n  a c c e s s i b l e  n e s t s  
w ere  t h o u g h t  t o  h av e  b e e n  t a k e n  by hum ans, b u t  t h i s  fo rm  o f  l o s s ,  e x c e p t  
i n  one i n s t a n c e ,  h a s  n o t  b e e n  docum en ted . I n  i n a c c e s s i b l e  n e s t s ,  t h e  
l o s s  m ig h t  have  b e e n  c a u s e d  by some n a t u r a l  p r e d a t o r  a s  d i s c u s s e d  i n
R eese  (1970) and i n  Ames and  M e rs e re a u  (3.964). Young t h a t  d i e d  i n  t h e
TABLE 7
NUMBER OF ACTIVE OSPREY NESTS WITH KNOWN YOUNG PRODUCTION, 
INDICATING THE NUMBER OF NESTS PRODUCING GIVEN NUMBER OF YOUNG, 
AND AVERAGE YOUNG PER PRODUCTIVE NEST
A re a






Number o f  N e s t s  
P r o d u c in g  G iven  
No. o f  Young 
1 2  3
A verage
Y o u n g /P r o d u c t iv e
N e s t
J . R , 70 0 0 0 0 0 0 . 0
71 0 0 0 0 0 0 . 0
C.R, 70 — _ — —
71 4 6 2 2 0 1 .5 0 + .29
Y.R, 70 3 5 1 2 0 1 .6 7 + .3 3  -
71 9 15 3 6 0 1 .6 7 + .17
M.B. 70 2 4 0 2 0 2 . 0 0 + .00
71 6 12 1 4 1 2 . 0 0 + .26.
N .P .C . 70 21 45 2 14 5 2 .1 4 + .10
71 22 44 8 6 8 2 . 0 0 + .19
R.R . 70 ■ 34 64 13 12 9 1 . 8 8 + .1 4
71 34 66 11 14 9 1 .9 4 + .1 3
F .B . 70 5 10 1 3 1 2 . 0 0 + .32
71 12 18 7 3 2 1 .5 8 + .2 3
Ocean 70 26 43 11 13 2 1 .6 5 + .12
71 9 15 5 2 2 1 .6 6 + .29
Bay 70 — — — - - -
71 6 11 3 1 2 1 .8 3 + .40
T o t a l 70 91 171 ' 28 46 17 1 . 8 8  ± .07
71 102 187 40 38 24 1 .8 4  ± .08
n e s t s  o f  unknown c a u s e s  a c c o u n te d  f o r  t h e  s e c o n d  h i g h e s t  (22  and  19 
p e r  c e n t )  l o s s  o f  y o u n g .  E i g h t  young w ere  c o l l e c t e d  from  t h e  R appa­
h an n o ck  R iv e r  a r e a ,  and  s e n t  t o  m a i n t a i n  t h e  d e c l i n i n g  C o n n e c t i c u t  
R i v e r  V a l l e y  p o p u l a t i o n .  Two o t h e r  young  w ere  l o s t  when t h e i r  n e s t  
on t o p  o f  a  day c h a n n e l  m a rk e r  was b low n down d u r in g  a  s e v e r e  w in d s to rm  
i n  1970 . A l s o ,  i n  1 9 7 0 ,  two f l e d g l i n g  young w ere  fo u n d  d e a d  a t  t h e  b a s e  
o f  t h e i r  n e s t s ,  a p p a r e n t l y  h a v in g  d i e d  from  s t a r v a t i o n .  B oth  a p p e a r e d  
t o  h av e  l o s t  t h e i r  b a l a n c e , and  h a d  f a l l e n  t o  t h e  g ro u n d  w here  t h e i r  
p a r e n t s  w ou ld  n o t  c a r e  f o r  them . I n  1971> one e i g h t  day  o l d  b i r d  was 
f o u n d  d e a d  i n  i t s  n e s t ,  a p p a r e n t l y  h a v in g  d i e d  from  h e a t  e x h a u s t i o n  
t h e  p r e v i o u s  day . D u r in g  t h e  s u r v e y ,  t h e  a u t h o r  h a d  o f t e n  s e e n  b o a t s  
t i e d  up t o  o r  n e a r  t h e  c h a n n e l  m a rk e rs  w here  O sp reys  w ere  n e s t i n g .
U nder t h e s e  c i r c u m s t a n c e s ,  t h e  fe m a le  l e a v e s  t h e  n e s t  and  c i r c l e s  o v e r ­
h e a d .  I f  t h e  t e m p e r a t u r e  i s  e i t h e r  t o o  h o t  ( a s  i n  t h e  c a s e  a b o v e )  o r  
t o o  c o l d ,  t h e  embryos i n  t h e  e x p o s e d  eggs  as  w e l l  as t h e  young  m ig h t  d i e .  
T h is  i s  t h o u g h t  t o  have  h a p p e n ed  i n  t h e  above i n s t a n c e ,  and  may a c c o u n t  
f o r  some l o s s  o f  young  t h a t  d i e d  f rom  unknown c a u s e s .
H a tc h in g  s u c c e s s  f o r  n e s t s  p r o d u c in g  young and  f o r  a c t i v e  n e s t s  i s  
d e s c r i b e d  i n  T a b le  8 . B ecause  egg  d a t a  were l a c k i n g  f ro m  t h e  James R i v e r ,  
M objack  Bay, an d  t h e  E a s t e r n  S h o re -B ay  S i d e ,  i n  19 7 0 ,  h a t c h i n g  s u c c e s s  
f o r  t h e s e  a r e a s  c o u ld  n o t  be  c a l c u l a t e d .  The C hickahom iny  R i v e r  i s  a l s o  
n o t  i n c l u d e d  i n . t h i s  t a b l e  b e c a u s e  t h e r e  w ere  no d a t a  c o l l e c t e d  f o r  eggs  
i n  1971* H ig h e s t  p e r c e n t a g e s  f o r  h a t c h i n g  f o r  p r o d u c t i v e  n e s t s  o c c u r r e d  
i n  t h e  R appahannock  R i v e r  a r e a  and  i n  New P o i n t  Com fort f o r  1 9 7 0 .  S i m i l a r  
p e r c e n t a g e s  o f  h a t c h i n g  f o r  p r o d u c t i v e  n e s t s  o c c u r r e d  i n  a l l  a r e a s  i n  
1971* E o r  a c t i v e  n e s t s ,  New P o i n t  Com fort was h i g h e s t  i n  1970 w i t h  k9 
p e r  c e n t  h a t c h i n g .  The p e r c e n t a g e s  f o r  1971 f l u c t u a t e d  b e tw e e n  0 and  60
TABLE 8
OSPREY HATCHING SUCCESS, 1970-1971
A rea
P r o d u c t i v e  N e s ts  
1970 1971 
E Y* % E Y* %
A c t iv e  
1970 
E %
N e s ts  
1971 
E %
J . R . - - - 0 0 00 - - 11 00
Y.R. 0 0 00 2.4 14 58 14 00 52 27
M.B. 0 0 00 18 12 67 6 00 20 60
N .P .C . 55 41 75 61 39 64 83 49 83 47
R.R . 4 4 100 56 36 64 10 40 94 38
F .B . 3 1 33 17 10 59 6 17 19 53
Ocean 22 10 45 19 11 58 30 33 46 24
Bay - - - 6 4 67 - - 17 24
T o t a l 84 56 67 201 126 63 149 38 342 37
C a l c u l a t e d
T o ta l s * * * 336 222** 66 373
o<rCM 64 557 40 881 27
* Y V a lu e s  Same f o r  A c t iv e  N e s t s ,  1970-1971  
** Rounded to  t h e  N e a r e s t  Whole Number 
*** See t e x t  p ,  17
50
p e r  c e n t ,  f o r  t h e  James R i v e r  and  M objack Bay a r e a s  r e s p e c t i v e l y .
Com parison  o f  t h e  t o t a l  h a t c h i n g  s u c c e s s  and  o f  t h e  c a l c u l a t e d  h a t c h i n g  
s u c c e s s  f o r  b o t h  p r o d u c t i v e  and a c t i v e  n e s t s  f o r  t h e  two y e a r s  s t u d i e d ,  
r e v e a l s  a lm o s t  i d e n t i c a l  v a l u e s  f o r  p r o d u c t i v e  n e s t s ,  b u t  q u i t e  d i f ­
f e r e n t  v a l u e s  f o r  a c t i v e  n e s t s .  O b se rv ed  p e r  c e n t  h a t c h i n g  ( d a t a  c o l ­
l e c t e d  from  a c c e s s i b l e  n e s t s )  f o r  a c t i v e  n e s t s  was 38 and  37 p e n  c e n t  f o r  
1970  and  1 9 7 1 j w h i l e  c a l c u l a t e d  h a t c h i n g  r a t e  was 40 p e r  c e n t  and  27  p e r  
c e n t  f o r  1970 and  1971* B ecause  t h e  c a l c u l a t e d  v a l u e s  i n c l u d e  d a t a  f o r  
t h e  w hole  p o p u l a t i o n  ( b o th  a c c e s s i b l e  and  i n a c c e s s i b l e  n e s t s ) ,  t h e y  
l i k e l y  g iv e  a  b e t t e r  i n d i c a t i o n  o f  t h e  p e r  c e n t  h a t c h i n g .
T a b le  9 g i v e s  a l l  o f  t h e  d a t a  on young  p r o d u c t i v i t y  f o r  1970 and  
1971* Of p r im a r y  im p o r ta n c e  i s  t h e  column m arked  "Number F l e d g in g  P e r  
A c t iv e  N e s t " .  The r e s t  o f  t h e  d a t a  a r e  p r o v id e d  i n  o r d e r  t o  e x p l a i n  how 
t h e  num bers f o r  f l e d g i n g  p e r  a c t i v e  n e s t  w ere  r e s o l v e d .  Tile h i g h e s t  
v a l u e  d e te r m in e d  was t h e  l . l o  young fo u n d  i n  New P o i n t  Com fort i n  1971 .
New P o i n t  Com fort and  t h e  York R i v e r  w ere  t h e  o n ly  a r e a s  r e p o r t e d  t o  
h av e  an i n c r e a s e d  p r o d u c t i o n  r a t e  from  1970  t o  1 9 7 1 , w h i l e  t h e  r e m a in in g  
a r e a s  showed a  d e c r e a s e  i n  r a t e .  The l a r g e s t  d e c r e a s e  can  be s e e n  i n  
t h e  E a s t e r n  S h o re -O ce a n  S i d e ,  w here  f l e d g i n g  s u c c e s s  d e c r e a s e d  a lm o s t  50 
p e r  c e n t .  The o v e r a l l  p r o d u c t i o n  f i g u r e s  w ere  down 28 p e r  c e n t  from  1970 , 
th o u g h  d i f f e r e n c e s  b e tw e e n  num bers f l e d g i n g  p e r  p r o d u c t i v e  n e s t  f o r  1970 
and  1 9 7 1 , and  b e tw e e n  num bers f l e d g i n g  p e r  a c t i v e  n e s t  f o r  1970  and  1 9 7 1 , 
w ere  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  The Jam es R i v e r ,  f o r  t h e  s e c o n d  
s t r a i g h t  y e a r ,  d i d  n o t  p r o d u c e  a  s i n g l e  young .
The a v e ra g e  num ber o f  young f l e d g i n g  f o r  b o t h  1970 and 19 7 1 ,  and  
t h e  m in im a l  a n n u a l  r a t e  o f  d e c l i n e  f o r  V i r g i n i a  O sp reys  a r e  sum m arized  
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(MINIMAL)* ANNUAL RATE OF DECLINE OF VIRGINIA OSPREYS
A re a
A verage  o f  T o t a l  No. 
F l e d g in g  P e r  A c t iv e  N e s t  
1970 -  1971
A nnua l  D e c l in e  % 
1970 -  1971
J . R . 0 . 0 0 1 8 .5
C .R . 0 . 1*2 1 2 . 0
Y.R. 0 . 6 0 9 . 2
M.B. 0 .7 2  . 7 .3
N .P .C . 1 .0 7 1 .7
R .R . 0 .9 3 3 .2
F .B . 0.61* 8 . 6
Ocean 0 .7 8 6 . 1*
Bay- 0 .5 2 1 0 . 1*
T o t a l 0 . 8 0 6 . 1
*See p ag e  17 f o r  e q u a t i o n .
a n n u a l  r a t e  o f  d e c l i n e ,  w h i l e  t h e  Jam es R i v e r  h a s  a  maximum o f  1 8 . 5  p e r  
c e n t  a n n u a l  r a t e  o f  d e c l i n e .  O th e r  a r e a s  w i t h  a p p a r e n t l y  s e v e r e l y  
d e c l i n i n g  p o p u l a t i o n s  a r e  t h e  Chickahom iny  R iv e r  (12.Q p e r  c e n t ) ,  
t h e  E a s t e r n  S h o re -B a y  S id e  ('10.1+ p e r  c e n t ) ,  and  t h e  York R i v e r  ( 9 .2 8  p e r  
c e n t ) .  These  p e r c e n t a g e s  a r e  c a l c u l a t e d  v a l u e s  and  a r e  n o t  b a s e d  on 
o b s e rv e d  p o p u l a t i o n  d e c r e a s e s .
Egg D a ta
A l l  o f  t h e  30 eggs  c o l l e c t e d  i n  1970* and  67 o f  t h e  85 c o l l e c t e d  i n  
1971 w ere  u s e d  t o  m ea su re  e g g s h e l l  c h a n g e s .  D a ta  a c q u i r e d  from  A nderson  
and  H ickey  (1970) p r o v id e d  t h e  pre-19^-7  e g g s h e l l  m e a s u re m e n ts .  U s in g  t h e  
w e ig h t  c h a n g es  from  A nderson  and  H ickey  (1970) and t h e  i n d e x  o f  s h e l l  
t h i c k n e s s  d e s c r i b e d  b y  R a t c l i f f e  (1 9 6 7 ) ,  t h e  V i r g i n i a  e g g s h e l l  d a t a ,  
sum m arized  i n  T a b le  1 1 a ,  can  be  com pared  t o  t h e  p r e - 1 9 ^ 7  d a t a .  A l l  
s t u d y  a r e a s  h a d  s h e l l  w e i g h t ,  s h e l l  t h i c k n e s s ,  and  t h i c k n e s s  in d e x e s  
lo w e r  t h a n  t h e  p r e - 1 9 ^ 7  e g g s .  As i n d i c a t e d  i n  T a b le  1 1 a ,  ch an g es  o f  
e g g s h e l l  w e ig h t  r a n g e d  from  2 . 0  t o  37*9 p e r  c e n t  i n  1 9 7 0 , and  f ro m  6 . 1  
t o  26 .ii  p e r  c e n t  i n  1971 . P e r  c e n t  c h a n g es  f o r  R a t c l i f f e * s  ( 1 9 6 7 ) 
t h i c k n e s s  i n d e x  a r e  als.o  i n d i c a t e d  i n  T a b le  1 1 a .  The c h a n g es  n o t e d  
h e r e  a r e  somewhat g r e a t e r  t h a n  t h e  w e ig h t  c h a n g e s ,  and  i n d i c a t e  a  
r e d u c e d  s h e l l  t h i c k n e s s  o f  up t o  3 8 .2  p e r  c e n t .  The e x tre m e  v a r i a n c e  
b e tw e e n  y e a r s  f o r  t h e  York R i v e r  and  M objack Bay s h o u ld  be  n o t e d .  T a b le  
11b r e v e a l s  t h a t  t h e  volum e o f  t h e  eggs  h a d  n o t  d e c r e a s e d  as  d r a s t i c a l l y  
a s  t h e  p a r a m e t e r s  o f  w e ig h t  and t h i c k n e s s .
T a b le  12 sum m arizes  t h e  s t a g e s  o f  em bryon ic  d e v e lo p m en t  o f  t h e  
a d d le d  O sp rey  eggs  c o l l e c t e d  f o r  1970 and  1971 . Though n e a r l y  a l l  o f  
t h e  e g g s ,  73 p e r  c e n t  i n  1970  and  60 p e r  c e n t  i n  1 9 7 1 , a p p e a r e d  i n f e r t i l e ,  
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TABLE l l h  
OF NONVARIABLE EGGSHELL DATA
L e n g th B r e a d th
A re a n (cm) (cm) L/B R a t i o  Volume*
L B
E a s t  U .S .963 6 .0 5 + 0 . 0 2 *4.59 + 0 . 0 7 1 .3 3 + 000 6 8 .7 1 + 1 2 .1 7
P r e  19*47
J . R . 71 6 6 .1 3 + 0 . 1 1 *4.56 + 0 . 0 7 1 .3 5 + 0 .0 3 3 6*4.83 + 2 .2 2
C.R. 71 k 6 .2 6 + 0 . 0 8 *4.58 + 0 . 1 8 1 .3 7 + 0 .0 3 5 6 7 .2 8 + 6 .0 3
Y.R. 70 5 6 .2 3 + 0 . 0 7 b.69 4- 0 . 0 5 1 .3 3 + 0 .0 2 2 69.*4*4 + 1 .5 7
71 17 6 . 0 6 + 0 . 0 6 *4.5*4 ■I- ■0 . 0 3 1 .3 3 + 0 . 01*4 6 3 .6 9 + 1.0*4
M.B. 70 2 6 . 1 8 + 0 . 0*4 *4. *+9 + 0 . 0 2 1.3*4 + 0 ,0 0 3 6 3 .3 2 0 .7 3
71 3 6 . 1 7 7 0 . 0k 4 .5 9 7 0 . 0 7 1 .3 5 + 0 .0 2 0 6 6 .0 3 + 2 .0 8
N.P .C .70 10 6 . 1 6 + 0 .0 5 *4.62 + o.oH 1 .3 3 + 0.01*4 6 6 .8 8 '+ 1 .3 0
71 10 5 .9 8 7 0 . 1 0 *4.50 7 0 . 0*4 1 .3 3 7 0 .0 1 7 6 1 .9 2 + 1.7*4
R .R . 70 6 6 .1 9 + 0 .1 3 *4. *47 + 0 . 0 7 1 .3 9 + 0.0*47 6 2 . 9 8 + 1 .7 5
71 11 5 .9 8 + 0 .0 5 *4.51 7 0 . 0 3 1 .3 3 + 0 .0 1 2 62.2*4 7 1 .0 9
F .B . 71 1 5 .9 6 + 0 .0 0 k . k l + 0 . 0 0 1 .3 5 + 0 .0 0 0 5 9 .3 3 + 0 .0 0
Ocean 70 7 6.2*4 + 0 .0 8 b .62 + 0 . 0*4 1 .3 5 + 0 .0 1 9 6 7 .6 1 + l.*47
71 10 6 .2 2 7 0 . 0 6 k . 6  5 7 0 . 0 6 1.3*4 + 0 .0 1 5 68. *49 7 2 .0 0
Bay 71 k 6.1*4 + 0 . 1 U *4.57 + 0 . 0 2 1.3*4 + 0 .0 3 0 6 5 .2 1 + 1 .7 0
T o t a l 70 30 6 .2 0 + 0.0U *4.59 + 0 . 0 3 1 .3 5 + 0 .0 1 2 66. *46 + 0 .7 8
71 66 6 .08 7 0 .0 3 *4.55 7 0 . 0 2 1.3*4 7 0 .0 0 7 6*4.36 7 0 .6 9
Sum T o t a l  96 6 .1 2  + 0 .0 2  >4.57 +_ 0 .0 2  1.3*4 + 0 .0 0 6  65 .02 . _+ 0.5*4
*See t e x t ,  p ag e  18 .
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TABLE 12
STAGE OF EMBRYONIC DEVELOPMENT OF OSPREY EGGS COLLECTED, 19TO and  1971
A re a
No. o f  Eggs W ith 
No D evelopm ent 
A p p a re n t
S ta g e s  o f  D evelopm en t (Weeks ) 
1 2 3 1* 5
J . R . 71 fc(66)» 1 (1 7 ) 1 (1 7 )
C.R. 71 3 ( 7 5 ) 1 (2 5 )
Y.R . 70 5 (1 0 0 )
71 1 1 (6 5 ) 6 (3 5 )
M.B. 70 1 ( 5 0 ) 1 (5 0 )
71 2 ( 6 6 ) 1 ( 3 3 )
N .P .C . 70 8 ( 7 3 ) 2 ( 1 8 ) 1 ( 9 )
71 5 (5 0 ) 2 (2 0 ) 1 ( 1 0 ) 2 (2 0 )
R .R . 70 5 ( 8 3 ) 1 ( 1 7 )
71 7(6*0 1 ( 9 ) 3 (2 7 )
F .B . 71 1 (1 0 0 )
Ocean 70 lt(57 ) 2 ( 2 9 ) 1 (1 * 0
71 3 ( 2 7 ) 5(U5) 2 ( 1 8 ) 1 ( 9 )
Bay 71 U(100)
T o t a l  70 2 2 (7 3 )  3 (1 0 )  2 ( 7 )  l ( 3 )  2 ( 7 )  0
71 1*0 ( 6 0 ) 1 5 (2 2 )  k (6 )  5 ( 7 )  2 ( 3 )  l ( D
^'Numbers i n  p a r e n t h e s e s  i n d i c a t e  p e r  c e n t .
59
and  t h a t  s i g n s  o f  f e r t i l i t y  m ig h t  have  b e e n  o v e r lo o k e d .  F e r t i l i t y ,  as  
u s e d  h e r e ,  means f o r m a t i o n  o f  a  z y g o te  (Ames 1 9 6 6 ) .  F e r t i l i z e d  eggs  
w i t h  one week o l d  em bryos w ere  m ost n u m ero u s ,  r e p r e s e n t i n g  10 p e r  c e n t  
i n  1970 and  22 p e r  c e n t  i n  1971 . The com bined  y e a r l y  t o t a l s  f o r  
f e r t i l i z e d  eggs  d e c r e a s e d  w i t h  t h e  i n c r e a s i n g  s t a t e  o f  t h e  d e v e lo p in g  
em b ry o .
M a n ip u l a t i o n  E x p e r im e n ts
The r e s u l t s  o f  t h e  m a n i p u l a t i o n  e x p e r im e n t s  a r e  sum m arized  i n  T a b le  
1 3 .  H a tc h in g  s u c c e s s  f o r  t h e  c o n t r o l s ,  Group I ,  was i d e n t i c a l  t o  t h a t  
o b s e r v e d  i n  t h e  f i e l d  i n  1970 . The e x p e r i m e n t a l s , Group I I ,  f a i l e d  t o  
h a t c h ,  an . t h e  p e r c e n t a g e  o f  em bryon ic  d e v e lo p m en t  was s i g n i f i c a n t l y  
lo w e r  (P <  .0 1 )  t h a n  t h e  c o n t r o l s .
Of t h e  f i v e  young  h a t c h e d  i n  t h e  c o n t r o l  g r o u p ,  o n ly  one r e a c h e d  
f l e d g i n g  a g e .  Two o f  t h e  r e m a in in g  f o u r  h a t c h e d  o u t  s u c c e s s i v e l y  i n  
t h e  l a b o r a t o r y ,  b u t  due t o  im p ro p e r  f a c i l i t i e s  a f t e r  h a t c h i n g ,  d i e d  o f  
h e a t  e x h a u s t i o n .  A n o th e r  young d e v e lo p e d  t o  t h e  p i p p i n g  s t a g e ,  b u t  be-r 
c a u s e  o f  a  b i r t h  d e f e c t ,  d i e d  b e f o r e  c o m p le te ly  h a t c h i n g .  Two e g g s ,  
upon p i p p i n g , . w e r e  im m e d ia te ly  i n t r o d u c e d  i n t o  C lay  Bank N e s t - 1 3 ,  i n  
t h e  York R i v e r ,  i n  o r d e r  t o  p r e v e n t  a d d i t i o n a l  l o s s  due t o  i n a d e q u a te  
l a b o r a t o r y  f a c i l i t i e s .  B o th  eggs  c o m p le te d  h a t c h i n g ,  b u t  one o f  t h e  
young d i s a p p e a r e d  when i t  was one week o l d .
When t h e  two e ggs  w ere  i n t r o d u c e d  i n t o  CB-13, t h e  t h r e e  e g g s ,  a l r e a d y  
p r e s e n t  i n  t h e  n e s t ,  w ere  c o l l e c t e d  and  p l a c e d  i n  t h e  i n c u b a t o r .  Two o f  
t h e s e  h a t c h e d ,  and  w ere  r a i s e d  i n  th e .  l a b o r a t o r y , a s  d e s c r i b e d  e a r l i e r .
Body w e ig h t  g a in  and  w e ig h t  o f  fo o d  i n g e s t e d  f o r  t h e s e  two h a t c h l i n g s  a r e  
sum m arized  i n  A p pend ix  T a b le  3. When t h e s e  young r e a c h e d  12 and  l 6  days 
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young was p l a c e d  i n  n e s t  CB-5, and  t h e  a d d le d  egg  p r e s e n t  was c o l l e c t e d .  
The 16 day o l d  b i r d  was p l a c e d  i n  i t s  o r i g i n a l  n e s t  a lo n g  w i t h  i t s  
a d o p te d  p e e r .  B o th  o f  t h e s e  young  f l e d g e d .
I n  t h i s  s t u d y ,  f i v e  o f  t h e  se v e n  n e s t s  w ere  fo u n d  t o  c o n t a i n  
s e c o n d  c l u t c h e s .  I t  i s  b e l i e v e d  t h a t  t h e  eggs  c o l l e c t e d  from  B ra n d o n -1  
and  from  S a v a g e -1  w ere  p r o b a b l y  n o t  f u l l  c l u t c h e s ,  b e c a u s e  upon l a t e r  
e x a m i n a t i o n ,  t h e s e  n e s t s  c o n t a i n e d  o n ly  one e g g .  T hese  s i n g l e  eggs  w ere  
t h o u g h t  t o  be t h e  f o u r t h  and  t h i r d  egg  o f  t h e  r e s p e c t i v e  c l u t c h e s ;  t h e r e  
f o r e ,  w i t h  one egg  r e m a in i n g ,  t h e  s t i m u l u s  t o  r e l a y  was n o t  r e l e a s e d .
The t im e  p e r i o d  b e tw e e n  l o s s  o f  f i r s t  c l u t c h  and  r e l a y i n g  was a p p r o x i ­
m a te ly  t h r e e  w eek s .
H a tc h in g  s u c c e s s  f o r  r e n e s t i n g  g r e a t l y  im p ro v e d .  I n  t h e  c o n t r o l s ,  
s i x  o u t  o f  e i g h t  e g g s ,  75 p e r  c e n t ,  h a t c h e d ,  w h i l e  one o u t  o f  f i v e ,  20 
p e r  c e n t ,  h a t c h e d  i n  t h e  e x p e r i m e n t a l s . Of t h e  f o u r  young t a k e n  from  
n e s t s  i n  w h ic h  t h r e e  young  w ere  p r e s e n t ,  a l l  w ere  a c c e p t e d  by  t h e i r  
" f o s t e r  p a r e n t s " ,  i n c l u d i n g  t h o s e  young  w hich  a p p ro a c h e d  f l e d g l h g a g g e . 
P l a t f o r m  U t i l i z a t i o n
T a b le  l b  sum m arizes  t h e  u t i l i z a t i o n  o f  p l a t f o r m s  e r e c t e d  i n  V i r g i n i a  
d u r in g  t h i s  s t u d y .  Of t h e  20 p l a t f o r m s  c o n s t r u c t e d ,  s i x  w ere  u s e d  f o r  
t h e  f i r s t  n e s t i n g  ( s e e  F i g u r e  8 ,  p a g e  2 6 ) .  " F r u s t r a t i o n "  n e s t s ,  w h ich  
a d u l t  b i r d s  b u i l d  a f t e r  t h e y  have  l o s t  t h e i r  eg g s  o r  young  l a t e  i n  t h e  
n e s t i n g  s e a s o n  and  i n  w h ich  no e g g s  a r e  l a i d  t h a t  s e a s o n ,  a c c o u n te d  f o r  
f o u r  more u t i l i z a t i o n s .
B and ing
The num ber o f  n e s t l i n g s  c o l o r  b a n d e d  f o r  e a c h  a r e a  i s  sum m arized  i n  
T a b le  15 . I n  1 9 7 0 ,  11^ b i r d s  w ere  c o l o r  b a n d e d ,  w h i l e  i n  1 9 7 1 ,  t h e  num­
b e r  was i n c r e a s e d  t o  1 ^ 3 .  S ix  a d d i t i o n a l  young w ere  b a n d e d  i n  1 9 7 0 ,  b u t  
w ere  n o t  c o l o r  b a n d e d .
TABLE Ik
UTILIZATION OF ALUMINUM PLATFORMS BY OSPREYS, 1971
A re a
Number
C o n s t r u c t e d
Number Used 
F o r  F i r s t  
N e s t in g
Number U sed  As
F r u s t r a t i o n
N e s t s
T o t a l  Number 
Used
N .P .C . . 9 3 ( 3 3 )* 2 (2 2 ) 5 (5 6 )
Ocean 11 3 (2 7 ) 2 ( 1 8 ) 5(U5)
T o t a l 20 6 (3 0 ) U(20) 1 0 (5 0 )
^Numbers i n  p a r e n t h e s e s  i n d i c a t e  p e r  c e n t .
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NUMBER OF OSPREYS COLOR
TABLE 15 
BANDED IN EACH STUDY AREA, 1970-1971
A re a  1970 1971 T o t a l
C.R. - 5 5
Y.R, 3 15 18
M.B. 2 9 11
N .P .C . 37 43 80
R.R 44 42 86
F .B , 3 13 16
Ocean 25 10 . 35
Bay- - 6 6
T o t a l 114 143 257
DISCUSSION
The r e p r o d u c t i v e  f a i l u r e  w i t n e s s e d  i n  t h e  O sp rey  and  o t h e r  
r a p t o r  p o p u l a t i o n s  t h r o u g h o u t  N o r th  A m erica  and  E urope  i s  a l s o  b e in g  
e x p e r i e n c e d  i n  V i r g i n i a ’ s O s p re y s .  The number o f  young f l e d g e d  p e r  
a c t i v e  n e s t  i n  t h e  s tu d y  a r e a  d ro p p e d  from  O.9 6  young  p e r  n e s t  i n  19 7 0 ,  
t o  0 .6 9  young  p e r  n e s t  i n  1971 . E a . r l i e r  f l e d g i n g  d a t a  f o r  V i r g i n i a  
(P o 's tu p a ls k y  19 6 9 ,  a d a p te d  from  T y r r e l l  1936) i n d i c a t e  t h a t  1 .6 0  young 
f l e d g e d  p e r  a c t i v e  n e s t  i n  1936 . As Henny and  W ight ( 1 9 6 9 ) have  shown, 
e l i m i n a t i n g  s h o o t i n g  a s  a  c a u s e  o f  m o r t a l i t y ,  o n ly  0 .9 5  young  f l e d g e d  
can  m a i n t a i n  a  s t a b l e  p o p u l a t i o n .  T h is  w ou ld  seem t o  i n d i c a t e  t h a t  t h e  
I.97O p o p u l a t i o n  was p r o d u c i n g  enough young  t o  m a i n t a i n  a  s t a b l e  popu­
l a t i o n .  How ever, by  i n c l u d i n g  s h o o t i n g  a s  a  m o r t a l i t y  f a c t o r ,  t h e  number 
o f  young  n e e d e d  i n c r e a s e s  t o  1 .2 2  t o  1 . 3 0 .  At t h e  p r e s e n t  f l e d g i n g  r a t e ,  
V i r g i n i a ' s  O sp rey  p o p u l a t i o n  i s  d e c l i n i n g  ( c a l c u l a t e d  v a l u e ,  n o t  o b s e rv e d  
d e c l i n e )  a t  t h e  r a t e  o f  6 . 1  p e r  c e n t  a n n u a l l y .
The James R i v e r  s tu d y  a r e a  i s  o f  p a r t i c u l a r  c o n c e r n .  No young w ere  
p r o d u c e d  011 t h i s  r i v e r  d u r i n g  t h e  two y e a r s  i t  was s t u d i e d .  T h is  l a r g e  
r i v e r  i s  w e l l  s u i t e d  f o r  t h e  O s p re y ,  p r o v i d i n g  i t  w i t h  num erous n e s t i n g  
s i t e s  and  no a p p a r e n t  l a c k  o f  fo o d .  However, t h e  low num bers  o f  b r e e d i n g  
b i r d s  .found t h e r e  i n d i c a t e  t h a t  t h i s  r i v e r  sy s te m  h a s  b e e n  s u f f e r i n g  low 
r e p r o d u c t i v e  s u c c e s s  f o r  a  number o f  y e a r s .  Though no  e a r l y  p o p u l a t i o n  
d a t a  a r e  a v a i l a b l e ,  t h e  p o p u l a t i o n  c r a s h  i n  t h i s  a r e a  m ig h t  have  p a r a l l e l  
t h a t  r e p o r t e d  i n  C o n n e c t i c u t  by Ames and  M e rs e re a u  ( 1 9 6 4 ) ,  Ames (1 9 6 6 ) ,  
P e t e r s o n  ( 1 9 6 9 a ) ,  and  S p i t z e r  (1 9 7 0 a ) .  The minimum a n n u a l  r a t e  o f
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d e c l i n e  f o r  t h e  Jam es R i v e r  p o p u l a t i o n  was c a l c u l a t e d  as  l 8 . 5  p e r  c e n t ,  
and  i s  t h e  h i g h e s t  r a t e  o f  d e c l i n e  t h a t  can  be  c a l c u l a t e d  u s i n g  Henny 
and  W ig h t ' s  ( 1 9 6 9 ) e q u a t i o n .  However, a s  i n d i c a t e d  by  t h e  30 p e r  c e n t  
a n n u a l  d e c l i n e  a c t u a l l y  fo u n d  i s  t h e  C o n n e c t i c u t  p o p u l a t i o n ,  t h e  c a l c u ­
l a t e d  v a lu e  may b e  low and  m i s l e a d i n g .
O th e r  a r e a s  f l e d g i n g  low  num bers o f  young i n c l u d e  t h e  York R i v e r  i n  
1 9 7 0 ,  w i t h  0 .4 5  young  f l e d g e d  p e r  a c t i v e  n e s t ,  and  t h e  Bay and  Ocean s i d e s  
o f  t h e  E a s t e r n  S h o r e ,  i n '  1 9 7 1 ,  f l e d g i n g  0 .5 2  and  0 .5 4  r e s p e c t i v e l y .  The 
Ocean p o p u l a t i o n  s u f f e r e d  a  50 p e r  c e n t  d e c l i n e  i n  t h e  num ber o f  young 
f l e d g e d  from  1970 t o  1 971 . The low h a t c h i n g  s u c c e s s  (T a b le  8) o f  t h e  
E a s t e r n  S h o re  may be r e l a t e d  t o  t h e  heavy  c o n ta m in a t io n  o f  t h i s  a r e a  by 
DDT, w h i c h - i s  s t i l l  u s e d  e x t e n s i v e l y ,  p a r t i c u l a r l y  on t h e  sw ee t  c o rn  c r o p .  
The R appahannock  R i v e r ,  t h o u g h  show ing  a  25 p e r  c e n t  r e d u c t i o n  o f  young 
f l e d g e d  i n  1 9 7 1 ,  Las t h e  h i g h e s t  f l e d g i n g  r a t e  f o r  any r i v e r  s y s te m  i n  
V i r g i n i a .  New P o i n t  C om fort f l e d g e d  l . l 6  young  p e r  a c t i v e  n e s t  i n  1971 . 
The h ig h  f l e d g i n g  r a t e  i  t h i s  a r e a  a p p ro x im a te s  t h e  s t a b i l i t y  l e v e l .
F o r  c o m p a r is o n  o f  V i r g i n i a  p o p u l a t i o n  f i g u r e s  w i t h  o t h e r  N o r th  A m erican  
p o p u l a t i o n s ,  s e e  R eese  ( 1 9 7 0 ) .
Low h a t c h i n g  r a t e ,  a s  a  r e a s o n  f o r  p o o r  r e p r o d u c t i v e  s u c c e s s  o f  
O s p r e y s ,  h a s  b e e n  r e p o r t e d  by  Ames and M e rs e re a u  ( 1 9 6 4 ) ,  Ames ( 1 9 6 6 ) ,  
P o s t u p a l s k y  ( 1 9 6 8 ) ,  Wiemeyer ( 1 9 7 0 ) ,  and  S p i t z e r  ( 1 9 7 0 a ) .  The h a t c h i n g  
r a t e  f o r  t h e  V i r g i n i a  p o p u l a t i o n  i n  1971 (T a b le  8) was 27 p e r  c e n t ,  and 
i s  t h o u g h t  t o  have  a c c o u n te d  f o r  t h e  r e d u c e d  f l e d g i n g  r a t e  f o r  t h a t  
s e a s o n .  N e s t l i n g  m o r t a l i t y  f o r  1971 ™a.s lo w e r  ( 1 0 .8  p e r  c e n t )  t h a n  i n  
1970 ( l 6 . 1  p e r  c e n t ) ,  and  was t h e r e f o r e  e l i m i n a t e d  as  a  p o s s i b l e  c a u s e  
f o r  t h e  r e d u c e d  f l e d g i n g  r a t e .
I n  e x a m in in g  t h e  c o n t e n t s  o f  t h e  V i r g i n i a  O sp rey  e g g s ,  i t  was fo u n d
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t h a t  i n f e r t i l e  eggs  c o m p r ise d  t h e  l a r g e s t  p e r c e n t a g e s  (73  p e r  c e n t  i n  
1 9 7 0 ,  60 p e r  c e n t  i n  1971)* However, as  m e n t io n e d  e a r l i e r ,  i n  many 
c a s e s ,  t h e  eggs  w ere  b a d ly  decom posed , and  t h e  s i g n s  o f  f e r t i l i z a t i o n  
m ig h t  have  b e e n  o v e r l o o k e d .  R easons  f o r  t h i n k i n g  t h a t  embryos w ere  o v e r ­
lo o k e d  can  be  fo u n d  i n  Ames ( 1 9 6 6 ) ,  who r e p o r t e d  a  minimum o f  73 p e r  c e n t  
f e r t i l i z a t i o n  i n  15 f r e s h  eggs  from  C o n n e c t i c u t ,  and  a  minimum o f  93 p e r  
c e n t  f e r t i l i z a t i o n  i n  31 eggs  from  M a ry la n d .  T h is  h i g h  r a t e  o f  f e r t i l i t y  
was a l s o  r e p o r t e d  by  S p i t z e r  ( 1 9 7 0 a ) ,  i n  w h ich  s i x  o f  n i n e  C o n n e c t i c u t  
eggs  c o n ta i n e d  em bryos .  T hese  l a t t e r  d a t a  s u g g e s t  t h a t  s t e r i l i t y  i s  n o t  
a  c a u s e  f o r  t h e  l o w e re d  h a t c h i n g  r a t e  i n  O s p re y s .  B ecau se  more d e c a y in g  
embryos w ere  fo u n d  i n  t h e  e a r l y  s t a g e s  o f  d e v e lo p m e n t ,  i t  can  t h e r e f o r e  be 
s u g g e s t e d  t h a t  t h e  o l d e r  embryos h av e  a  g r e a t e r  ch an ce  o f  s u r v i v a l .
A verage  number o f  eggs  p e r  c l u t c h  (T a b le  U) and a v e ra g e  number o f  
young  p r o d u c e d  p e r  p r o d u c t i v e  n e s t  (T a b le  7) have  n o t  v a r i e d  f rom  t h e  
i n f o r m a t i o n  p u b l i s h e d  b e f o r e  19^7 by  T y r r e l l  (1936)  and  B en t ( 1 9 3 7 ) .  I f  
some e n v i r o n m e n ta l  f a c t o r  su c h  as  p e s t i c i d e  c o n ta m in a t io n  i s  t h e  c a u se  
f o r  some n e s t s  f a i l i n g  t o  p ro d u c e  y o u n g ,  t h e n  i t  w ou ld  seem t h a t  b i r d s  
w h ic h  l a y  e g g s '  t h a t t h a t c h ,  h av e  e i t h e r  lo w e r  body  c o n ta m in a t io n  o r  lo w e r  
e q u i l i b r i u m  l e v e l s .  A n o th e r  e x p l a n a t i o n  m ig h t  be  t h a t  some b i r d s  w h ich  can  
r e s i s t  h i g h  l e v e l s  o f  p e s t i c i d e  a r e  s u b j e c t  t o  s e l e c t i v e  p r e s s u r e .  I n  
V i r g i n i a ,  t h e  a p p a r e n t  p o o r  h a t c h i n g  s u c c e s s  f o r  t h e  Jam es R i v e r ,  York 
R i v e r ,  and  E a s t e r n  S h o r e ,  a s  opposed  t o  t h e  h i g h  h a t c h i n g  s u c c e s s  f o r  t h e  
New P o i n t  C om fort  and  R appahannock  R i v e r  a r e a s ,  i s  t h o u g h t  t o  be  due t o  
t h e  v a r y i n g  l e v e l s  o f  e n v i r o n m e n t a l  p o l l u t a n t s .  H ow ever, t h e r e  a r e  no 
d a t a  a v a i l a b l e  a t  t h i s  t im e  t o  s u p p o r t  t h i s  s u g g e s t i o n .
A l th o u g h  r e s u l t s  o f  t h e  p e s t i c i d e  a n a l y s i s  o f  V i r g i n i a  O sprey  eggs  
w ere  n o t  a v a i l a b l e  a t  t h e  t im e  o f  t h e  w r i t i n g  o f  t h i s  p a p e r ,  o t h e r  w o rk e rs  
have  r e p o r t e d  l e v e l s  o f  DDT and  i t s  m e t a b o l i t e s ,  DDD and  DDE (Ames and
M e rs e re a u  196^+, Ames 1 9 6 6 ,  and  R is e b ro u g h  e t  a l .  1968b ) ,  p o l y c h l o r i n a t e d  
b i p h e n y l s  (R is e b r o u g h  e t  a l .  1968b ) ,  m e rc u ry  ( J o h n e l s  and  W este rm ark  1 9 6 9 ) ,  
and  l e a d  (B a g le y  and Locke 1 9 6 7 ) i n  O sp rey  eggs  and  t i s s u e s  i n  o t h e r  
a r e a s .  Ames ( 1 9 6 6 ) ,  a n a l y z i n g  O sprey  eggs  and  f i s h  sa m p le s  from  
C o n n e c t i c u t ,  a  d e c l i n i n g  p o p u l a t i o n ,  and  from  M a ry la n d ,  a  s t a b l e  popu­
l a t i o n  a t  t h a t  t i m e ,  fo u n d  t h a t  t h e  C o n n e c t i c u t  eggs  c o n t a i n e d  1 . 7  t im e s  
more DDT t h a n  t h e  M a ry la n d  e g g s .  P e s t i c i d e  c o n c e n t r a t i o n s  i n  t h e  f o o d  
i t e m s  c o l l e c t e d  w ere  f i v e  t o  t e n  t im e s  g r e a t e r  f rom  C o n n e c t i c u t .  DDT and 
i t s  m e t a b o l i t e  r e s i d u e s  i n  C o n n e c t i c u t  a l e w i f e s  (A lo s a  p s e u d o h a r e n g u s ) 
a s  r e p o r t e d  by  Ames ( 1 9 6 6 ) ,  c o n t a i n e d  2 .2  ppm ( p a r t s  p e r  m i l l i o n ) .  I n  
V i r g i n i a ,  a l e w i f e s  c o l l e c t e d  i n  t h e  James R i v e r  and  t h e  R appahannock 
R i v e r  c o n t a i n e d  0 .3 5  and  0 .2 8  ppm o f  DDT and  i t s  m e t a b o l i t e s ,  r e s p e c t i v e l y  
( B a rn a r d  1 9 7 1 ) .  The low l e v e l s  i n  t h e s e  f i s h  i n d i c a t e  t h a t  t h e  V i r g i n i a  
e s t u a r i n e  sy s te m s  a r e  l e s s  c o n ta m in a t e d  t h a n  t h e  C o n n e c t i c u t  s y s te m .
P e a k a l l  (1970b)  m e n t io n s  t h a t  DDT, c a u s i n g  i n d u c t i o n  o f  h e p a t i c  
enzymes w h ich  m e t a b o l i z e  e s t r o g e n ,  m ig h t  c a u s e  a  d e l a y  i n  t h e  r e p r o -  ' 
d u c t i v e  c y c l e  o f  some b i r d s .  T h is  symptom o f  DDT c o n ta m in a t io n  was 
n o t  g r o s s l y  a p p a r e n t  i n  t h e  V i r g i n i a  O sprey  p o p u l a t i o n  i n  any a r e a  s t u d i e d  
d u r in g  t h e  two y e a r s .  Most o f  t h e  f i r s t  eggs  o f  a  c l u t c h ,  a s  i n d i c a t e d  
i n  F i g u r e s  12 and 1 3 ,  w ere  l a i d  d u r in g  the : :m on th  o f  A p r i l ,  w h ich  i s  
t y p i c a l  f o r  t h e  s p e c i e s  i n  V i r g i n i a .  How ever, t h e  few  s c a t t e r e d  c l u t c h e s  
l a i d  i n  l a t e  May , c o u ld  i n d i c a t e  DDT i n h i b i t i o n  o f  l a y i n g .  The o n ly  
p u b l i s h e d  c a s e  o f  a t y p i c a l  l a y i n g  i n  O sp reys  was r e p o r t e d  by G ra b a rc k
(1 9 6 9 ) .  T h is  w o rk e r  docum en ted  t h e  l a y i n g  o f  an egg  i n  l a t e  A u g u s t ,  i n  
h i s  A n n a p o l i s ,  M ary lan d  s tu d y  a r e a .
The e f f e c t  o f  DDE on e g g s h e l l  ch an g es  h a s  b e e n  docum en ted  by  P o r t e r  
and  Wiemeyer (1970) and  by  P e a k a l l  (1 9 7 0 b ) .  Com paring e g g s h e l l  w e ig h t
c h an g es  w i t h  d a t a  p r o v i d e d  by  A nderson  and H ickey  ( 1 9 7 0 ) ,  f o r  t h e  p e r i o d  
p r i o r  t o  t h e  w i d e s p r e a d  d i s t r i b u t i o n  o f  DDT, shows t h a t  e g g s h e l l s  from  
V i r g i n i a  O sp reys  have  u n d e rg o n e  an a v e ra g e  d e c r e a s e  i n  w e ig h t  o f  1 5 .7  p e r  
c e n t .  T h is  f i g u r e  a p p ro x im a te s  t h e  2 5 .1  p e r  c e n t  d e c r e a s e  i n  eggs  from  
t h e  d e c l i n i n g  New J e r s e y  p o p u l a t i o n ,  and i s  s u b s t a n t i a l l y  lo w e r  t h a n  t h e  
2 .0  and  2 .8  p e r  c e n t  d e c r e a s e  i n  e g g s h e l l  w e ig h t  f o r  V i r g i n i a  and  M ary land  
e g g s ,  d u r in g  t h e  p e r i o d s  19^-0 t o  1 9 ^ 6 ,  and  1955 . D e c re a s e  i n  e g g s h e l l  
w e ig h t  from  1 2 .6  t o  17*0 p e r  c e n t  r e f l e c t s  an i n c r e a s e  i n  f r e q u e n c y  o f  
eggs  fo u n d  d e n t e d ,  c r a c k e d ,  b r o k e n ,  o r  w i t h  p i n  h o l e s ,  and p r o v i d e s  a  
p o s s i b l e  e x p l a n a t i o n  f o r  t h e  lo w e re d  h a t c h i n g  and. f l e d g i n g  r a t e s  i n  1971 . 
A l th o u g h  e g g s h e l l  w e ig h t  r e d u c t i o n  was as  h i g h  a s  3 7 .9  P e ^ c e n t ,  a n d ^ th e  
e g g s h e l l  i n d e x  r e d u c t i o n  was as  h i g h  a s  3 8 .2  p e r  c e n t ,  no  eggs w ere  s e e n  
l a c k i n g  s h e l l s ,  as  G r a b a rc k  (1 9 6 9 ) r e p o r t e d  f o r  t h r e e  e g g s - i n  A n n a p o l i s ,  
M a ry la n d .  How ever, t h i s  t y p e  o f  s h e l l  r e d u c t i o n  h a s  b e e n  r e p o r t e d  i n  
Brown P e l i c a n s  ( R i s e b r o u g h  e t  a l .  1 9 6 9 ) .  The a p p a r e n t  r e l a t i o n s h i p  o f  
l o w e re d  e g g s h e l l  t h i c k n e s s  and  i n c r e a s e d  em b ry o n ic  m o r t a l i t y  i s  n o t  
a lw ays  t r u e .  S p i t z e r  (1 970a )  h a s  i n d i c a t e d  t h a t  w h i l e  some C o n n e c t i c u t  
C sp re y  eggs  h a d  r e d u c e d  s h e l l  t h i c k n e s s e s  o f  up t o  25 p e r  c e n t ,  some eggs  
show ing  no r e d u c t i o n  o f  s h e l l  t h i c k n e s s  s t i l l  c o n t a i n e d  d ead  em bryos .
The c o n d i t i o n  o f  some V i r g i n i a  eggs  w ould  t e n d  t o  s u p p o r t  t h i s  f i n d i n g .
The m a n i p u l a t i o n  e x p e r im e n t  w h ich  a t t e m p t e d  t o  d e te r m in e  i f  h a t c h i n g  
f a i l u r e  i n  t h e  e x p e r i m e n t a l s  was due t o  b r e a k a g e ,  l o s s  t o  p r e d a t i o n ,  o r  
em b ry o n ic  m o r t a l i t y  i n d i c a t e d  t h a t  em bryon ic  m o r t a l i t y  was. t h e  l e a d i n g  
f a c t o r  i n v o l v e d .  T h is  e x p e r im e n t  a J s o  s u p p o r t s  t h e  f i n d i n g  o f  S p i t z e r  
( 1 9 7 0 a ) ,  who t r a n s f e r r e d  c l u t c h e s  from  M ary lan d  t o  C o n n e c t i c u t ,  and v i c e  
v e r s a ,  t o  d e te r m in e  i f  t h e  c a u se  o f  p o o r  h a t c h i n g  s u c c e s s  was due t o  a b ­
n o rm a l  p a r e n t a l  b e h a v i o r ,  o r  i f  i t  was due t o  a  f a c t o r  i n t r i n s i c  t o  t h e
e g g .  H a tc h in g  r a t e s  f o r  t h e  s w i tc h e d  eggs  e q u a l l e d  t h a t  n o r m a l ly  fou n d  
i n  t h e  a r e a  from  w h ich  t h e  eggs  w ere  i n i t i a l l y  i n c u b a t e d ,  t h u s  s u g g e s t i n g  
t h a t  h a t c h i n g  f a i l u r e  was i n t r i n s i c  t o  t h e  e g g .  Both  e x p e r im e n t s  i n  t h i s  
s t u d y  and  i n  t h o s e  o f  S p i t z e r  (1 9 7 0 a)  s u g g e s t  t h a t  abno rm a l b e h a v i o r  o r  
b r e a k a g e  o f  eggs  a r e  n o t  m a jo r  r e a s o n s  f o r  em bryon ic  m o r t a l i t y .
T y r r e l l  ( 1 9 3 6 ) ,  Ames ( 1 9 6 6 ) ,  and  R eese  (1970 )  h av e  r e p o r t e d  t h a t  
O sp rey s  w i l l  r e l a y  a  s e c o n d  s l u t c h  o f  eggs  i f  t h e  f i r s t  c l u t c h  i s  l o s t  
o r  t a k e n .  The n e s t s  i n  w h ic h  eggs  w ere  r e l a y e d ,  w ere  t h o s e  i n  w h ic h  t h e  
f i r s t  eggs  w ere  t a k e n  (01- l o s t )  i n  e a r l y  s p r i n g  (Ames 1 9 6 6 ) ,  f rom  A p r i l  
2 8 -2 9  ( T y r r e l l  1 9 3 6 ) ,  and  f rom  May 2 7 -2 8  (R eese  1 9 7 0 ) .  I n  o r d e r  t o  
i n s u r e  r e n e s t i n g  i n  t h i s  e x p e r i m e n t ,  eggs  w ere  c o l l e c t e d  a s  soon  as  
p o s s i b l e ,  A p r i l  1 0 -1 1 .  T y r r e l l  (1936) fo u n d  t h a t  s e v e n  o f  e i g h t  n e s t s  
a t  S m i t h ' s  P o i n t  c o n t a i n e d  a  s e c o n d  c l u t c h ,  w h i l e  i n  t h e  p r e s e n t  s t u d y ,  
f i v e  o u t  o f  s e v e n  w ere  fo u n d .  I n  b o t h  c a s e s ,  t h e  s e c o n d  c l u t c h  s i z e  
was lo w e r  ( 2 .0  f o r  T y r r e l l  1 9 3 6 ,  2 . 6  f o r  t h i s  s t u d y )  t h a n  t h e  f i r s t  
c l u t c h  ( a v e r a g e  3 . 0 ) .  How ever, t h e  s e c o n d  c l u t c h e s  i n  t h e  m a n i p u l a t i o n  
e x p e r im e n t  h a d  a  h i g h e r  r a t e  ( 5 -^ p e r  c e n t )  o f  h a t c h i n g  t h a n  t h a t  o f  t h e  
f i r s t  c l u t c h .
The s u c c e s s  o f  t h e  r e n e s t i n g  e x p e r im e n t s  h a s  f a r  r e a c h i n g  i m p l i ­
c a t i o n s  f o r  O sp rey  management p r o g ra m s ,  and  c o u ld  p r o v id e  a  means by  w h ich  
t h e  o t h e r  d e c l i n i n g  p o p u l a t i o n s  o f  V i r g i n i a  and  N o r th  A m erica  c o u ld  be  
s u s t a i n e d .  I f  co m p a rab le  e x p e r im e n t s  w ere  c o n d u c te d  on a  l a r g e r  s c a l e ,  
t h e  num ber o f  young O sp reys  p r o d u c e d  i n  an a r e a  c o u ld  be  g r e a t l y  e n h a n c e d .  
A sam ple  e x p e r im e n t  c o u ld  b e  p e r fo rm e d  as  f o l l o w s :  l )  C o l l e c t  50 c l u t c h e
o f  eggs  from  n e s t s  i n  V i r g i n i a  w h ich  have  h a d  a  h i s t o r y  o f  p r o d u c in g  young 
p r e f e r a b l y  from  New P o i n t  Com fort and  t h e  R appahannock  R i v e r  a r e a ,  and 
a l l o w  t h e s e  a d u l t s  t o  r e l a y ;  2) P l a c e  t h e  p r e v i o u s l y  c o l l e c t e d  "good"
e ggs  i n  n e s t s  ( i n  V i r g i n i a  o r  e l s e w h e r e )  w h ich  do n o t  h av e  h i s t o r i e s  
o f  p r o d u c in g  y o ung . To i n s u r e  maximum h a t c h i n g ,  c o l l e c t  "bad"  eggs  
and  p l a c e  them  i n  an  i n c u b a t o r  w i t h  t h e  s p e c i f i e d  t e m p e r a t u r e  and  
h u m id i ty  c o n d i t i o n s  d e s c r i b e d  e a r l i e r .  B ecause  t h e r e  a r e  no a d u l t s  
c o l o r  b a n d e d  f o r  p o s i t i v e  i d e n t i f i c a t i o n ,  i t  i s  assum ed t h a t  t h e  same 
a d u l t s  a r e  p r e s e n t  a t  t h e  same n e s t  e a c h  y e a r .  I f  t h i s  e x p e r im e n t  
w ere  a  s u c c e s s ,  as  many a s  200 y o u n g ,  o r  ^ .0  young p e r  n e s t ,  c o u ld  be  
p r o d u c e d .  The s u r p l u s  young  p ro d u c e d  c o u ld  t h e n  b e  t r a n s f e r r e d  t o  
o t h e r  p a r t s  o f  N o r th  A m erica  o r  t o  a r e a s  o f  v e r y  low  p r o d u c t i v i t y  i n  
V i r g i n i a .
Of t h e  f o u r  c l u t c h e s  c o l l e c t e d  from  "bad"  n e s t s  i n  t h e  m a n i p u l a t i o n  
e x p e r i m e n t ,  none  o f  t h e  young h a t c h e d  i n  t h e  l a b o r a t o r y .  H ow ever, one 
young h a t c h e d  from  t h e  eggs  r e l a y e d  d u r in g  t h e  s e c o n d  n e s t i n g .  T hese  
d a t a  s u g g e s t  t h a t  t h e  f e m a le  body  c o n c e n t r a t i o n s  o f  DDE, w h ich  i s  t h o u g h t  
t o  b e  t h e  c a u s e  o f  p o o r  h a t c h i n g  s u c c e s s  i n  o t h e r  r a p t o r s ,  a s  d i s c u s s e d  
e a r l i e r ,  m ig h t  be  lo w e r  w i t h  e a c h  s u c c e s s i v e  egg  l a i d .  T h e r e f o r e ,  t h e  
l a s t  egg  l a i d  o f  t h e  f i r s t  c l u t c h  w ou ld  c o n t a i n  t h e  l o w e s t  l e v e l s  o f  DDE. 
I f  t h e  e n v iro n m e n t  was n o t  h e a v i l y  c o n ta m in a t e d  w i t h  DDT, t h e n  body  con­
c e n t r a t i o n s  o f  t h e  fe m a le  m ig h t  n o t  i n c r e a s e  d u r in g  t h e  21 day  p e r i o d  
b e f o r e  r e l a y i n g ,  t h u s  t h e  s e c o n d  c l u t c h  m ig h t  c o n t a i n  s t i l l  lo w e r  l e v e l s  
o f  DDE and  have  a  g r e a t e r  ch an ce  o f  h a t c h i n g .  Ames ( 1 9 6 6 ) m e n t io n s  t h e  
c o l l e c t i o n  o f  f u l l  c l u t c h e s  o f  O sprey  eggs  t o  d e te r m in e  p e s t i c i d e  l e v e l  
v a r i a n c e  w i t h i n  t h e s e  c l u t c h e s ,  b u t  u n f o r t u n a t e l y ,  he  n e v e r  s t a t e d  h i s  
r e s u l t s .  How ever, s u p p o r t i n g  e v id e n c e  f o r  t h e  h y p o t h e s i s  was p r o v id e d  
by  A nd erso n  e t  a l .  (1 9 6 9 ) ,  who showed t h a t  n o t  o n ly  d i d  r e n e s t i n g  D o u b le ­
c r e s t e d  C o rm o ran ts  l a y  eggs  w i t h  lo w e r  a v e ra g e  l e v e l s  o f  DDE, b u t  t h a t  
t h e  e g g s h e l l s  w ere  a l s o  t h i c k e r .  I t  w ould  be  v e r y  i n t e r e s t i n g  t o  t e s t
t h i s  h y p o t h e s i s  by  m a rk in g  e a c h  s u c c e s s i v e  egg  l a i d ,  and  c o l l e c t i n g  
t h e  f u l l  c l u t c h e s  from  b o t h  f i r s t  and  se c o n d  n e s t i n g s  t o  d e te r m in e  
e g g s h e l l  w e ig h t  and  t h i c k n e s s  changes  and  t h e  l e v e l s  o f  p e s t i c i d e s  
and  h e a v y  m e t a l s  i n  t h e  e g g s .  I f  t h e  s e c o n d  c l u t c h  was fo u n d  t o  be  l e s s  
c o n ta m in a t e d ,  r e m o v a l  o f  t h e  f i r s t  c l u t c h  m ig h t  become s t a n d a r d  p r o c e d u r e ,  
p r o v i d e d  t h a t  h a t c h i n g  and  f l e d g i n g  r a t e s  i n c r e a s e d .
One s t i p u l a t i o n  s h o u ld  be  c o n s i d e r e d  b e f o r e  e i t h e r  o f  t h e  two 
e x p e r im e n t s  m e n t io n e d  above can  be  c o n d u c te d .  By n a t u r a l  s e l e c t i o n ,  
t h e  O s p re y ,  a s  w e l l  a s  any  o t h e r  w i l d  a n im a l  h a s  a d a p te d  t o  l a y i n g  
e ggs  a t  t h e  optimum t im e  o f  t h e  y e a r  f o r  t h e  g r e a t e s t  s u r v i v a l  o f  
y o u n g .  I n  a c t u a l i t y ,  by  rem o v in g  t h e  f i r s t  c l u t c h ,  t h e  f l e d g i n g  d a te  
f o r  t h e  s e c o n d  b r o o d  w ou ld  b e  f o u r  weeks l a t e r  t h a n  n o r m a l .  T h e r e f o r e ,  
i f  e ggs  a r e  c o l l e c t e d ,  t h e y  s h o u ld  be  t a k e n  as  e a r l y  i n  A p r i l  a s  p o s s i b l e  
so  t h a t  a  l o n g  enough  p e r i o d  e x i s t s  b e tw e e n  f l e d g i n g  and  f a l l  m i g r a t i o n .
The d i s c u s s i o n ,  a t  t h i s  p o i n t ,  r a i s e s  t h e  f o l l o w i n g  p e r t i n e n t  
q u e s t i o n .  I f  p e r s i s t e n t  c h l o r i n a t e d  h y d r o c a r b o n s  a r e  t h e  c a u s e  f o r  
r e d u c e d  r a p t o r  p o p u l a t i o n s ,  what im m ed ia te  e f f e c t  w ould  t h e  d i s c o n t i n u e d  
u s e  o f  t h e s e  c h e m ic a l s  h av e  on b i r d s  o f  p re y ?  S t i c k e l  e t  a l .  ( 1 9 6 6 ) 
and  W esley  e t  a l .  (1 9 6 5 ) have  shown t h a t  w i t h  s u s p e n d e d  f o o d  d o sag e  o f  
DDT, body  l e v e l s  o f  t h i s  p e s t i c i d e  w ould  d e c r e a s e  i n  B a ld  E a g le s  and  i n  
d o m e s t ic  f o w l .  I n  t h e  c a s e  o f  t h e  e a g l e s ,  l e v e l s - /w o u ld  be  r e d u c e d  t o  
o n e - h a l f  i n  t h r e e  t o  f i v e  m o n th s .  I n  S c o t l a n d ,  L o c k ie  e t  a l .  ( 1 9 6 9 ) 
r e p o r t e d  t h a t  w i t h  d i s c o n t i n u e d  u s a g e  o f  d i e l d r i n  i n  t h e  m id  1 9 6 0 ' s ,  
t h e r e  was a  c o r r e s p o n d in g  50 p e r  c e n t  d e c r e a s e  o f  d i e l d r i n  i n  t h e  eggs 
o f  e a g l e s ,  an i n c r e a s e  i n  s h e l l  t h i c k n e s s ,  and  an i n c r e a s e  o f  f l e d g i n g  
s u c c e s s  from  31 p e r  c e n t  i n  1963 t o  69 p e r  c e n t  i n  1 9 6 7 . A f t e r  d i s c o n ­
t i n u a t i o n  o f  a  20 y e a r  p ro g ra m  o f  s p r a y i n g  t h e  s a l t  m a rs h e s  o f  e a s t e r n
Long I s l a n d ,  New Y ork , t h e  r e p r o d u c t i v e  s u c c e s s  o f  t h e  O sp reys  o f  
G a r d in e r s  I s l a n d  b e g a n  t o  show s i g n s  o f  im p ro v em en t.  I n  1 966 , when t h e  
p ro g ram  was. s t o p p e d ,  t h e  b i r d s  f l e d g e d  0 .0 5  young p e r  a c t i v e  n e s t .
F o u r  y e a r s  l a t e r ,  t h e  f l e d g i n g  r a t e  h a d  i n c r e a s e d  t o  0 . 6 6 .  I t  w ould  
a p p e a r ,  t h e r e f o r e ,  t h a t  d i s c o n t i n u e d  u s a g e  o f  DDT and  d i e l d r i n  m ig h t  
w e l l  r e s u l t  i n  h i g h e r  c h a n c e s  f o r  s u r v i v a l  i n  O sp reys  as  w e l l  a s  i n  
o t h e r  r a p t o r s .
A l th o u g h  man a p p e a r s  i n a d v e r t e n t l y  t o  have  b e e n  t h e  m a jo r  f a c t o r  i n  
t h e  d e c l i n e  o f  t h e  O s p re y ,  he  h a s ,  a t  t h e  same t i m e ,  h e l p e d  t h e  s p e c i e s  
by  p r o v i d i n g  a r t i f i c i a l  l a k e s  and  r e s e r v o i r s  ( B e r g e r  and  M u e l l e r  1 969 , 
P o s t u p a l s k y  1.968b )  w h ic h  have  i n c r e a s e d  a v a i l a b l e  n e s t i n g  h a b i t a t ,  
and  by t h e  p r o v i s i o n  o f  man-made n e s t i n g  s t r u c t u r e s ,  s u c h  a s  duck b l i n d s  
( T y r r e l l  1 936 , R eese  1970) and  c h a n n e l  m a rk e rs  (R eese  1 9 7 0 ) .
The u t i l i z a t i o n  o f  c h a n n e l  m a rk e rs  a c c o u n t s  f o r  25 p e r  c e n t  o f  t h e  
n e s t i n g  s t r u c t u r e s  u s e d  by  V i r g i n i a  O s p re y s .  The C o a s t  G u a rd ,  u n t i l  
r e c e n t l y ,  h a s  d e s t ro y e d ,  many n e s t s  and  t h e i r  c o n t e n t s ,  'which were found  
on c h a n n e l  m a r k e r s .  On l i g h t e d  c h a n n e l  m a r k e r s ,  t h e  n e s t s  w ere  d e s t r o y e d  
e i t h e r  b e c a u s e  t h e y  o b s t r u c t e d  t h e  b e a c o n ,  t h u s  c r e a t i n g  a  h a z a r d  t o  
n a v i g a t i o n ,  o r  b e c a u s e  t h e . n e s t  i n t e r f e r r e d  w i t h  t h e  c h a n g in g  o f  t h e  
b a t t e r i e s  f o r  t h e  b e a c o n s .  On day  m a r k e r s ,  t h e  n e s t s  w ere  d e s t r o y e d  
when t h e y  r e d u c e d  t h e  l e g i b i l i t y  o r  r e c o g n i t i o n  o f  t h e  s t r u c t u r e .  R eese
( 1 9 7 0 ) ,  i n  M a ry la n d ,  a t t r i b u t e d  t h e  l o s s  o f  35 eg g s  and  s i x  n e s t l i n g s  
t o  t h e  C o as t  G uard . B ecause  o f  t h e  h i g h  p e r c e n t a g e  o f  O sp reys  n e s t i n g  
on c h a n n e l  m a rk e rs  i n  V i r g i n i a ,  t h e  C o a s t  G uard  may have  b e e n  im p o s in g  
a  h e a v y  m o r t a l i t y  f a c t o r  on t h i s  p o p u l a t i o n .  How ever, Mr. G i l b e r t  
F e rn a n d e z  h a s  r e c e n t l y  i n s t r u c t e d  t h e  C hesapeake  Bay C o a s t  Guard t o  
in fo r m  e i t h e r  h im s e l f -  o r  t h e  C o l l e g e  o f  W il l i a m  and Mary when n e s t s  a r e  
g o in g  t o  be  d e s t r o y e d ,  so  t h a t  e x p e r i e n c e d  p e r s o n s  can  accompany them .
Two t r i p s  w ere  made w i t h  t h e  C o a s t  G uard  d u r in g  t h i s  s t u d y ,  and  i n  
b o t h  c a s e s ,  t h e  n e s t s  c o u ld  be  m a n i p u la t e d  i n  su c h  a  way as  t o  p r e v e n t  
t h e i r  d e s t r u c t i o n .
R eese  (1970)  h a s  shown t h a t  t w o - t h i r d s  o f  h i s  p o p u l a t i o n  i n  
T a lb o t  C o u n ty ,  M a ry la n d ,  n e s t s  on s t r u c t u r e s  o c c u r i n g  o v e r  w a t e r .
T h is  f r a c t i o n  i s  somewhat h i g h e r  t h a n  t h a t  o f  V i r g i n i a ,  w here  
a p p r o x im a te ly  o n e - h a l f  o f  t h e  n e s t s  o c c u r  o v e r  w a t e r .  Though i n  
m ore r e c e n t  i n v e s t i g a t i o n s ,  O spreys  h av e  b e e n  r e p o r t e d  n e s t i n g  o v e r  w a t e r ,  
t h i s  h a s  n o t  a lw ays  b e e n  t h e  c a s e .  T y r r e l l  (1936) fo u n d  t h a t  
93 p e r  c e n t  o f  76 n e s t s  i n  S m i th ’ s P o i n t ,  V i r g in i a ,  w ere  l o c a t e d  on l a n d  
n e s t i n g  s i t e s .  S h i f t i n g  from  l a n d  t o  w a t e r  n e s t i n g  s t r u c t u r e s  can  be  
c a u s e d  by a t  l e a s t  two f a c t o r s :  l )  t h e  b i r d s  a r e  f o r c e d  t o  move ou t
o v e r  w a t e r  b e c a u s e  o f  t h e  d e s t r u c t i o n  o f  n a t u r a l  s i t e s  by  man, and  2 ) 
t h e  b i r d s ,  show ing  a  p r e f e r e n c e  f o r  o p e n ,  w e l l - e x p o s e d  n e s t  s i t e s ,  
r e a d i l y  move t o  w a t e r  s i t e s .  A c t u a l l y ,  t h i s  a u t h o r  b e l i e v e s  t h a t  a  
c o m b in a t io n  o f  t h e  tw o r e a s o n s  e x p l a i n s  t h e  a d a p t a t i o n  t o  w a t e r  n e s t i n g  
s i t e s .  The v a r i e t y  o f  n e s t i n g  s t r u c t u r e s  l i s t e d  i n  A ppend ix  T a b le  2 
i l l u s t r a t e s  t h e  a d a p t a b i l i t y  o f  t h e  O sprey  t o  a  c h a n g in g  e n v i r o n m e n t .
The im p o r ta n c e  o f  o f f s h o r e  n e s t i n g  s t r u c t u r e s  c a n n o t  be  o v e r ­
e m p h a s iz e d .  L a rg e  s c a l e  p rog ram s i n  V i r g i n i a  s h o u ld  be  begun  t o  i n s t a l l  
a r t i f i c i a l  n e s t i n g  p l a t f o r m s  a lo n g  a l l  t h e  r i v e r  s y s te m s .  P r o p e r  
l o c a t i o n  o f  t h e s e  p l a t f o r m s  i s  e s s e n t i a l .  P o s t u p a l s k y  ( 1 9 6 6 ) n o t e d  
lo w e re d  u t i l i z a t i o n  o f  h i s  c e d a r  p l a t f o r m s  when t h e y  w ere  p l a c e d  i n  w a t e r  
n e a r  o t h e r  p o t e n t i a l  n e s t i n g  s i t e s .  T h e r e f o r e ,  i t  i s  s u g g e s t e d  t h a t  
e r e c t i o n  o f  p l a t f o r m s  s h o u ld  be i n  o p e n ,  s h a l lo w  w a t e r ,  f rom  50 t o  200 
y a r d s  o f f s h o r e .  T hese  o f f s h o r e  p l a t f o r m s ,  a lo n g  w i t h  p r e d a t o r - p r o o f  
aluminum s t r u c t u r e s  a l r e a d y  c o n s t r u c t e d  w ould  p r o v id e  i d e a l  n e s t i n g  s i t e s
f o r  t h e  b i r d s ,  and  w ou ld  r e d u c e  l o s s e s  o f  eggs  and  young t o  l a n d  p r e d a t o r s ,  
and  t o  p o s s i b l e  d e s t r u c t i o n  o f  n a t u r a l  s i t e s  by  w ind  ( V a l e n t i n e  19^7 s and  
R eese  1 9 7 0 ) s an d  by  f l o o d i n g  (Ames and  M e rs e re a u  1 9 6 ^ ,  and  R eese  1 9 7 0 ) ,  
and  w i l l  open up new a r e a s  f o r  n e s t i n g .
A l th o u g h  t h e  p r e s e n t  s tu d y  r e v e a l e d  a  d r a s t i c  r e d u c t i o n  o f  young 
f l e d g e d  f rom  1970 ( 0 .9 6 )  t o  1971 ( 0 . 6 9 ) ,  i t  s h o u ld  be  n o t e d  t h a t  l o n g  
t e r m  p o p u l a t i o n  t r e n d s  c a n n o t  be  e v a l u a t e d  from  t h e  d a t a  c o l l e c t e d  d u r in g  
a  tw o  y e a r  p e r i o d  ( P o s t u p a l s k y  1 9 6 8 ) .  I t  i s  d e s i r a b l e ,  t h e r e f o r e ,  i n  
v ie w  o f  t h e  d e c l i n i n g  W orth A m erican  O sp rey  p o p u l a t i o n ,  t o  c o n t i n u e  t h e  
p o p u l a t i o n  s u r v e y  o f  V i r g i n i a ' s  O sp reys  f o r  a t  l e a s t  a n o t h e r  tw o y e a r s ,  
b e f o r e  any  d e f i n i t e  t r e n d s  can  b e  n o t e d .
APPENDIX
APPENDIX TABLE 1 
NUMBER OF ADDITIONAL NESTS IN STUDY AREAS 
IN WHICH NO DATA ARE AVAILABLE, 1971
A re a A d d i t i o n a l  N e s t s T o t a l  N e s t s  P e r  A re a
R appahannock  R i v e r 11 88
Ocean 12 58
Bay 2k 73
APPENDIX TABLE 2 
TYPES OF OSPREY NESTS CLASSIFIED AS "OTHERS" ON TABLE 3b
D e s c r i p t i o n
T e le p h o n e  P o le s  
Groups o f  P o le s  
F l o o d l i g h t s  
Sunken S h ip  
Abandoned F u e l  Pump 
Abandoned Dock 
P h o to g r a p h ic  B l i n d  
Aluminum P l a t f o r m  
W ate r  Tower 
W in d m il l  
A c t iv e  Dock 
T a r  P l a t f o r m  
A bandoned Chimney 
W eather  Tower 
O b s e r v a t io n  Tower 
House
R a d a r  Tower 
B oa t House
1970
Number P e r c e n t a g e  
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